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SERIAL MORPHOLOGY AS A TECHNIQUE FOR DETERMINATION OF 
REPRODUCTIVE PATTERNS IN THE CORN EARWORM, 
HELIOTHIS ZEA (BODDIE)}' 


PHILIP S. CALLAHAN 


-Loutstana State University, Baton Rouge, Lou: 
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a study of the reproductive svstem by means of 
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determine the percentages of mating and ages 
of the moths based on numbers of spermatophores 
and depletion of the fat body. 


MORPHOLOGY OF THE MALE AND FEMALE 
REPRODUCTIVE SYSTEM 

Female.—The complete reproductive svstems 
of the male and female of H. sea are shown in 
figures 1 and 2. No relationship to the insect’s 
body wall is shown as the work is concerned more 
with the function of the reproductive system in 
the reproductive pattern of the insect rather than 
with morphology as such. 

The bursa eopulatrix is the largest and most 
conspicuous organ in the female insect. The 
arm or cervix bursae (fig. 1A) of the organ 1s 
approximately 8 mm. long and 2:mm. wide; the 
sides are comparatively thick and are twisted 
in much the same manner as a iong French 
pastry roll.” At the posterior end of the arm ts a 
sack-like pouch or corpus bursae (fig. 1B). 
four sides of the interior wall of this structure 
are located signa or long bands of closely asso- 
ciated sclerotized spines. Some specimens have 
a short, sclerotized area at the the 
corpus bursae, where it opens, in conjunction 
with the cervix bursae, into a common duct, the 
ductus bursae. The entire organ is connected by 
the ductus bursae to the external copulatory 
vulva or ostium bursae in the 7th-Sth inter- 
segmental cuticula and extends forward to the 
second abdominal segment on the left dorsal side 
of the abdominal cavity. 

From the cephalad end of the cervix bursae, a 
very thin seminal duct, the ductus seminalis, 
runs posteriorly where it becomes the most 
anterior duct connecting with the oviductus 
communis. The second-most anterior duct lead- 
ing into the oviductus communis comes from 
the bilobed spermatheca where sperm are stored 
after having passed down the seminal duct. 
A narrow gland 2.5 em. long attaches to the 
large lobe of the spermatheca. The most 
posterior of the three ducts leading into the 
oviductus communis passes from the two sickle- 
shaped reservoirs of the accessory glands. The 
function of these glands is debatable, but it is 
assumed by some writers that they secrete the 
adhesive substance which attaches the eggs to a 
surface. A second external aperture, the ovi- 
porus, opens caudad from the oviductus communis 
just ventral of the anus. Both the oviporus and 
anus open in the 9th-10th segment between the 
papillae anales which, form thé eversible ovi- 
pe ysitor of the female. 

Approximately 3 mm. cephalad of the oviporus, 
the oviductus communis divides into two short 
lateral oviducts, the’ oviductus lateralis: these 
again divide into four ovarioles, each four con- 
stituting an ovarium. . The ovaria lie on either 
side of the abdominal cavity and extend anteriorly 
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to the second abdominal segment, then loop back 
and forward again to where the four ovarioles of 
each ovarium fuse as a single unit. No common 
suspensory ligament could be demonstrated. 
The ovarioles are divided into three main regions. 
The first region from the calvx of the eviductus 
lateralis to the first arrow (fig. 1), constitutes the 
pedicel where the full grown eggs with chorion 
are stored. In a fully matured imago each 
pedicel may hold up te SO ridged eggs. The rest 
of the ovariole is referred to as a polvtrophte 
tvpe egg tube, and consists of two sections, the 
vitellarium, where odcvtes alternate with nurse 
cells or trophocytes, and the germarium, where 
oogonia are formed in the follicles from = germ 
The region from the first arrow to the 
arrow (fig. 1) represents the portion 
where most of the nurse cells have become very 
minute but where full-grown eggs with chorion 
have not completely developed. This is the 
middle area referred to hereafter as having 
unridged eggs with no chorion. 

The spermatophore Consists of a round bulb 
er body (corpus) slightly indented where the 
neck of a tubular stem (collum) extends from 
the bulb. There ts a right-angle bend near the 
neck where the stem of the spermatophore bends 
upward into the arm (cervix bursae) of the bursa 
copulatrix. The stem of the spermatophore 1s 
rather flat but corkscrew-shaped and ends in a 
small protuberance with a hook which is here 
termed the frenum of the spermatophore. The 
for the exit of the sperms into the 
seminal duct is at’ this anterior end (fig. | left) 
Williams (1941) listed three classes of Lept- 
doptera: Class A, having the aperture of the 
spermatophore placed in direct contact with the 
seminal duct; class B, having a large secretion. 
filled reservoir between the aperture of the 
spermatophore and the seminal duct; and class C, 
which includes a few primitive families, species 
of which have no seminal duct and only one 
external opening instead of two as is typical of 
most Lepidoptera. H. sea belongs in class A. 
The lower figure of this same plate shows the 
two external openings of the female; the ventral 
opening is the vulva with the eversible endo- 
phallus of the male inserted and the dorsal is the 
oviporus at the tip of the papilla which forms the 
ovipositor.: . 

Male.—The most conspicuous organs of the 
male genital system are the bright orange testes 
which are contained in a common. scrotum. 
Cholodkovsky (1884) listed four types of Lept- 
doptera testes: A is the type found in the genus 
Hepialus, where the testes are completely separate 
and four-lobed; B is the type found in the genus 
Saturnia, in which they are completely separate 
but rounded and three-lobed; C ts the type found 
in the genus Lycaena, where the double testes are 
together in a single’scrotum; D is the tvpe where 
both testes are so closely united that they appear 
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to be one 
whic h tvpe H. zea belongs. 

The li (fig. 2, A) lie dorsally at approxi- 
ately the third abdominal segment and the 
seminal vesicles (B), which are enlargements of 
the vas deferens (D), eross and enter near the 
center of the testes. Each vas deferens termi- 
nates at right angles to an enlargement, the 
ductus ejaculatorius duplex (E). which in turn 
unites at the long ductus ejaculatorius simplex 
(Ff). The latter duct passes to the eversible 


Fic. 2.—Reproductive system of the male H. zea 
A, testes; B, seminal vesicles; C, accessory glands; D, 
vas deferens: E, ductus ejaculatorius duplex: F, primary 
segment of the ductus ejaculatorius simplex; G, twisted 
portion of ductus ejaculatorius simplex where the frenum 
of the spermatophore is formed; H, cuticular segment of 
the ductus ejaculatorius simplex; I, anellus or diaphragm; 
], aedeagus; K, endophallus, . 


endophallus (K) within the aedeagus (}). The 
aedeagus is supported by a diaphragma- or 
tranverse sheet which closes the posterior end of 
the abdomen. ._The diaphragma is. termed the 
anellus where it is folded around the aedeagus (I). 


feats organ, as in the genus Pieris, to 


-copulation 1s given. 
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The cephalad end of each enlarged ductus 
ejaculatorius duplex continues as an extremely 
long coiled accessory gland (C) in the anterior 
part of the abdominal cavity. 


Although most morphologists the 


refer to 


‘ductus ejaculatorius simplex as the entire duct 


leading from the endophallus to the union of 
the ductus ejacul: oabion duplex, this duct in 
#1. zea should be de signated as consisting of two 
segments and each segment given an appropriate 
name. Along approximately 45 mm. of its 
length, from the union of the ductus ejaculatorius 
duplex, the ductus ejaculatorius simplex retains 
the shape of a simple muscular tube about 1 mm 
in diameter (F). For 4 or 5 mm. it expands 
slightly then joins a section which is functional 
in the moulding of the spermatophore within the 
male. The most cephalad portion of the latter 


-section consists of a slight curved swelling and a 


twisted area (G). The caudad part of the duct 
coils in two and one-half loops around this 
swelling and also around 2 mm. of the cephalad . 
part of the duct (fig. 3). The duct then continues 
for approximately 20 mm. as a‘flattened tubular 
organ about 1.5 mm. in width and joins the 
eversible endophallus at the anterior end (fig. 2H) 
The characteristic aperture end and hook (frenum) 
of the spermatophore of this species is formed im 
this twisted segment of the duct (fig. 3A) 

The cephalad portion of the duct is hereatter 
referred to as the primary segment of the ductus 
ejaculatorius simplex while the caudad portion 


- will be referred to as the cuticular se gment of the 


ductus ejaculatorius simplex. 


FORMATION OF THE SPERMATOPHORE | 

To facilitate understanding of the complicated 
modus operandi of spermatophore formation a 
detailed description of the male endophallus and 
female bursa copulatrix at various time phases of 
Copulation in HW. sea has 
been noted to last from 1 hour to | hour and 
15 minutes (Callahan, 1956). Dissections of the 
female at the outset of mating have shown the 
cervix bursae to be in a special state of prepared- 
ness for mating. At this time the organ 1s 
expanded to more than twice its normal width 
of 2mm. The inner wall of the cervix bursae 
is cuticular and is pleated in the manner of a. 
Chinese lantern. The entire surface is covered 
with minute spines. Under ordinary conditions 
the cervix bursae is opaque but immediately — 
following contact with the male the organ becomes 
swollen and the outer wall expands, becoming 
extremely transparent. (fig. 4). Microscopie 
examination of the outer wall reveals it to be. 
composed of cuboidal epithelium containing large: 
vacuoles. Between this outer epithelial wall and 
the inner cuticular wall exists a cavity which 1s 
not apparent in the normal state. When ex- 
panded, 12 spiraled sections with constrictions 
between are easily observable. The inner eutic- 
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ular laver of the organ expands by an unfolding 
et the pleats in the wall (fig. 4) Petersen (1907), 
speculating on the numbers of spermatophores 
often found in Lepidoptera, wondered how they 
could be fitted inte so smalla space. He assumed 
that folds in the wall of the bursa copulatrix must 
allow tor expansion. Research presented in this 
paper bears out his assumption. 

Inasmuch as euboidal epithelium is often 
- associated with the secreting terminal portions of 
glands, it mav not be unreasonable to consider 
the cervix bursae in this stage as an active 
glandular organ. Speculation on the function of 
the glandular organ leads to the conclusion that it 
probably operates in the hardening or fixing of 
the spermatophore after it the 
cervix, bursae. Whether this hardening 1s the 
result of a change catalyzed by enzymes from 
the glandular cells of the cervix bursae, or 
effected through the oxidizing F air 


forced to diffuse bv glandular secretions 


passes along 


action of 


the cavity through the inner cuticular laver 


} 
1 
It is possible that 
} 


cervix, bursae, is unknown 
such oxidizing air might reach the cavity trom 
the many branched tracheae that supply the 
eervix bursae - 
In this early stage the corpus bursae ‘is in a 
relaxed position. Unlike the cervix 
bursae, it has no glandular cells. The inner 
wall, however, ts cuticular, and also is covered 
with pronounced spines. The four areas where 
associated and highly 
The outside of 
] 


S ¢ t 


, 
noermal, 


large spines are closely 
. sclerotized compose the signa 
the ; 
striated muscle 

Several authors, including Hagen (ISS2) and 
Stitz (1901), beheved that signa are used for 
‘breaking up the spermatophores. Willams 
‘(1939b) believed that some spermatophores are 
dissolved. There is no evidence for either of 
these beliefs, and Petersen’s (907) theory that 
the spines of the signa function te hold the smooth, 
plastic-like spermatophore in place is probably 
The smaller spines cevering the whole 
euticular laver of both the cerpus bursae and 
cervix bursae this purpose. The 
spines of each signa are located on two sides of 
two deep pleats and are particularly suited, by 
composition and length (1 to 2:mm.), to function 


sack is made up of transverse stran 


eorrect 


alse serve 


as locking devices for the smooth bulb of the’ 


spermatophore. These toothed pleats, by means 
of a constriction of the abundant striated muscle 
surrounding the corpus bursae, 
effective means for exerting pressure on the bulb 


serve aS an 


of the spermatophores ; 

Within 10 to 20 minutes of the outset of 
copulation the expanding endophallus of the 
male starts to fill the inner chamber of the 
cervix bursae of the female (fig. 5). Essentially, 
the endophallus is the folded eversible section 
with cornuti, of a long cuticular tube which ex- 
tends from the body wall posteriorly as the sclero- 
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tized aedeagus then: inverts and runs cephalad 
in the form of a long cuticular membrane (fig. 6, 
O& G). 
end of the folded endophallus 
20 mm. as the inner cuticular 


ductus eyaculatorius simplex (fig. 


The cuticulum constricts at the cephali 


and cont 
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inside cuticular tube terminates the twisted 
portion where the trenum of 


is formed (fig. 2,G). Thus the cuticular portion 
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of the -male ductus ‘ejaculatorius simplex is 
continuous with the endophallus and consists of a 
cuticular tube with an area of transverse muscle 
at its outer edge (fig. 3, B & C). The cuticular 
tube is expandable to 2!5 times its length while 
the outer muscular area remains fixed at its 
normal length. The inner cuticular tube 1s 
pressed against the inside edge of the large area 
of transverse muscle. These transverse bands of 
striated muscle all overlap on one side of the 
outer edge of the organ. : 
Microscope examination of the cuticular inner 
tube reveals one or two layers of glandular cells 
lining its outer walls. When the tube is pulled 
out of the outer sheath at this stage the glandular 
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ophore takes the exact shape of the mner-’ 
cuticular tube and the frenum at the aperture 
end can be seen as formed in the swollen portion 
where the cuticular segment of ductus eyacu- 
latorius simplex 1s looped (fig. 3,A). 

As copulation progresses (20 to 50 minutes) the 
endophallus gradually everts until three-fourths 
of 18 to 20 sets of cornuti, which were all formerls 


‘ wnside the inverted tube, now appear along the 


outer edge (fig. 6, E). The endophallus ts well 
fitted for gripping the spermatophore 
besides the regularly spaced sets of three cornutt, 
usually one large one with twe smaller ones on 
either side, the whole surface of the cuticular 
structure 1s covered with small points and knobs, 


since 


Fic, 4.—Cervix bursae at outset of copulation. The expanded pleats of the inner cuticular 


lining are visible through the transparent glandular laver and inner space. 


partially everted into the ductus bursae. 


cells cling to the wall of the cuticular tube. 
Some of the cells are tear-drop in shape and 
resemble the so-called “stilt cells’ (‘‘Stelzen- 
zellen’”’) described by Weber (1954) as functional 
in laying down the cuticle of the insect wing 
during prepupal and pupal stages. A group of 
100 spermatophores subjected to the Van Wis- 
selingh test for chitin as described by Campbell 
(1929) and the Roelofsen and Hoette chitosan 
sulphate test as described by Tracy (1955) tested 
positive for chitin. Thus at least this one 
component of the cuticle is also present in the 
spermatophore. . 

Males dissected at this time (20 to 50 minutes} 
demonstrated a spermatophore, sharply pointed 
at the end opposite from the frenum and with a 
high degree of resiliency. This resilient spermat- 


The aedeagus ts 


During this period of slow eversion the endo- 
phallus pulls the cuticular tube of the ductus 
ejaculatorius simplex and its contained spermat- 
ophore along with it. Since the eaudad portion 
of the ductus ejaculatorius simplex is extremely 
elastic, it grips the long neck of the spermatophore 
along this caudal portion and pulls it mside the 
endophallus. While the muscular area of the 
ductus ejaculatorius simplex has remained at- 
tached to the pt sterior end of the aedeagus, the 
inner tube has passed on and becomes the inner 
lining of the endophallus. This raises the 
interesting question as to what comprises the 
primary gonopore. Morphologists have con- 
sidered the primary gonopore to be the external 
opening of the ductus ejaculatorius simplex 
concealed at the anterior end of the endophallus — 
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(fig 6, 1) while the secondary gonopore (fig 6. A) 
is the external opening at the tip of the endo- 
phallus. Obviously when the endophallus 1s 
completely everted (about 70 minutes) the two 
become one. Eventually, when the 
phallus 1s thus completely everted, all the cornuti 
are on the external surface and a good portion 
of the cuticular tube of the ductus ejaculatorius 
simplex, containing the spermatophore, 1s.on the 
inside. At this stage the hook or frenum of the 
spermatophore has been pulled from its area of 


as endo- 


formation and is pressed back against the aperture 


end of the spermatophore (ie. 6.0): 

As the endophallus slowly everts for a period 
from 50 to 70 minutes, the pointed end of the 
resilient spermatophore begins to protrude from 


the secondary gonopore At this period the 


1 


Fic. 5 


Aedea rus of male everted and hiiling 
& 


Sertal Morphology in Corn Karworm 


Itaneous with complete 


lar caeca at the base of 


N). 


“eo aulsa expanded { 
located at the i 
phallus joins 
Near the base, at { 

a distinct sclerotized pli 


‘Xpansion 


419 


three 
1e endophallus 

ca are 
(fig. 7). 
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caeca efectiv 
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of the aedeagus and a portion of the coiled collum 


the transparent cervix bursae. 


and 


endophallus is slightly over half expanded, 
half of the 18 sets of cornuti are on the inside’ 
gripping the spermatophore and half are on the 


outside. The endophallus has taken the spiraled 
form the bursa cervix. Gradually, as full 
expansion takes place and as the secondary 
gonopore reaches the anterior end of the cervix 
bursae, the spermatophore, being gripped and 
pushed along by the knobs and cornuti on the 
inside, is forced to turn back along the outer 
wall of the endophallus. At this point the 
everted knobs and cornuti, now on the outside, 
take over and the spermatophore is forced to 
follow the spirals of the endophallus in a reverse 
direction towards the ductus bursae (fig. 6, F). 
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ophore resembles the expanded hood of .a cobra 
(fig. 7). The bulb expands until it completely 
fills the corpus bursae and stretches the wall and 
signa to twice their relaxed size (figs. 8 and 9). 
As the bulb expands, the pointed tip which is not 
completely expanded folds back over the area 
where the bulb has become rounded. This 
whole process has taken place during the period 
from 70 to 90 minutes. 


Fic. 6.—Everted endophallus of male in bursa copu- 
latrix of female (diagrammatic). A, secondary gonopore; 
B, seminal duct; C, aperture end and frenum of sper 
matophore; D, tracheae; E, cornuti; F. collum of sper 
matophore: G, cuticular wall of endophallus; H, pleated 
cuticular wall of cervix bursae; I, primary gonopore; 
J. glandular outer wall of cervix bursae: K, space between 
inner and outer walls of cervix bursae; L, expanding 
corpus of spermatophore; M, corpus bursae; N, cuticular 
caeca at base of endophallus; O, aedeagus; P, vulva or 
ostium bursae. : 
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end of the spermatophore has reached the 
secondary gonopore, which is now synonymous 
with the primary gonopore. The collum of the 
spermatophore 1s now wound around the endo- 
phallus from the gonopore to the base. The 
endophallus is extracted by merely inverting back 
to its normal position. within the aedeagus, 
leaving the coiled collum in the cervix bursae. 
Petersen was at a loss to explain how the pore 
of the spermatophore came in contact with the. 
seminal duct. This is easily explained by the 
fact that the frenum end -of the collum is the 
last portion to exit as the endophallus inverts to 
its retracted position. As the frenum leaves the . 


. gonopore it Opens out from its flattened position 


against the pore of the spermatophore and serves 
as a lock pushing the pore against the opening’ 
of the seminal duct, while at the same time 
pressing against the opposite, most anterior, 
curved portion of the cervix bursae. 
At approximately 100) minutes, 
endophallus has inverted back to its 
folded position in the aedeagus, the spermat- 
ophore bulb left in the female 1s still somewhat 
resilient. It is probable that after this time 
constrictions of the extremely muscular corpus 
bursae producing pressure on the bulb of the 
spermatophore force the seminal fluid and sperm 
along the collum and into the seminal duct 
Bulbs of spermatophores examined a tew days 
following copulation have usually collapsed im. 
wards and only a very little cheese-like seminal 
substance is left along the collum. At this time 
the spermatophore is extremely hard and plastie- 
like. As previously pointed out, the glandular 
structure of the cervix bursae no doubt 
tributes to the fixing of the spermatophore. 
Whether this fixing process proceeds after the 
termination of c¢ ypulation 1s a point in question 
One is logically led to the speculation, based on 
the glandular make-up of the cervix bursae and 
the mechanical progression of spermatophore 
formation, that the bulb of the spermatophore 
receives less fixation than the collum. 
the time the pointed end of the unexpanded sper-°* 
matophore enters the corpus bursae it 1s no longer 
in contact with the glandular cervix bursae 
This leads to the conclusion that while the collum 
in the cervix bursae continues to become fixed and 
hardened, the bulb end in the corpus bursae 
remairis in a somewhat resilient state. Thus the 
seminal fluid and sperm are forced down a 
hardened collum until they reach the more 
resilient bulb end in the corpus bursae. At this 
less-fixed area the spermatophore walls are 
forced out by the packing of the seminal fluid 
Actual expansion of the endophallus during 
copulation is brought about by both muscular. 
action and aerostatic While the 
endophallus is folded back into the aedeagus all 
of the cornuti are on the inside of the cuticulum. 
Discernible between the cuticular endophallus 


when the 


és ’ 
norma 


COM. 


processes. 
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and the aedeagus are numerous musele fibers and 
large tracheae. As the endophallus everts and 
the cornuti move to the outside, the tracheae 
and muscles follow along in the inner space 
between the inner and outer cuticulum (fig. 6, D). 
The muscle fibers terminate at the base of each 
of the cornuti; however, the tracheae terminate 
just past the last set of cornuti at full expansion. 
Thev are completely unbranched and of the 
same diameter the entire length. When 
fully expanded they appear as 30 or 40° un- 
branched pipes Iving between the endophallic 
cuticulum with its cornutt and the inner tube ef 
the ductus ejaculatorius simplex which has been 
pulled along inside the endophallus. The expan- 
sion of the endophallus 1s no doubt brought 
about by. aerostatic pressure expanding these 


tor 


Ficgure? 

my bulb end of the spermatop! ore ts 
the picture (upper arrow 
the lower arrow (70 to 90 minutes 


the male endophallus has been mnserted into the corpus bursae 


tracheae and forcing the endophallus to evert. 
The musele fibers probably contribute to this 
expansion, but also move the cornuti and endo- 
~ phallic wall and thus maneuver the spermat- 
ephoere out the gonopore and down around the 
colled endophallus. 

n regard to 


phyi genet ie - devel pment, 
Petersen (1907) wondered whether the form of the 
bursa copulatrix has been influenced by the 
form of the spermatophore, or whether the reverse 


is true. Which came first, the, typical sperma- 
- tophore of a species or the typical bursa copu- 
datrix into which the spermatophore is fitted with 
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emerged August 26, 1954, except the first pair 
which emerged August 25, 1954. Starting on the 
first day after emergence, one pair was killed each 
day for nine consecutive days. Observations 
were made on the condition of the ovaries and 
fat be dy in the female and on the fat be dy in the 
male. Counts were made in only one ovariole 
for each imago, as eggs seemed to develop at the 
same rate along all eight ovarioles. 

The observations were made on the ovaries 
with respect to the number of eggs with a chorion, 
the number of eggs without a chorion, and the 
developing eggs with nurse cells along the length 
of one ovariole (fig. 1). The eggs with a chorion 
S 


could be observed as well-formed, ridged eggs 
in the posterior expanded pedicel of the ovariole. 
The 


C 
round, solid, 


ges without chorion could be observed as 
whitish masses that were unridged 


Fic. 8. 


ce mpletely exp inded bulb or the spermatophore, from a dissected bursa e¢ ypulatrix. 


minutes. 


and that lay along the central vitellarium where 
the ovariole was constricted between each follicle 
(fig. 1, first to second arrow); the early developing 
eggs could be seen in transparent follicles contain- 
ing the and young nurse cells. This 
section of the vitellarium (fig. 1, second arrow 
to end) extended anteriorly to the end where the 
germ cells differentiate. — 

Lepidoptera were classified in three groups by 
Eidmann (1931) according to the degree of 
development in their ovaries at emergence: (1) 
butterflies and moths with long imaginal life that 
had few fully developed eggs at emergence, (2) 
most Heterocera that had a two- or three-fold 


oocytes 
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increase in ripe eggs in the imago, and (3) some 
Bombycids and Lymantrids that had all the eggs 
fully developed on emergence. As adult Lepi- 
doptera are believed to be unable to assimilate 
proteins, all protein reserve needed tor the 
development of eggs must be carried over from 
the larvae in association with fat bodies. Using 
Eidmann’s classification, these data (table 1) 
would indicate that H.sea would fall somewhere 
between (1) and (2). Imagos dissected the first 
dav after emergence showed no- mature 
on the second day there was an average of 12 
mature eggs per ovariole; on the third, fourth, 


eggs: 


_ fifth, sixth, and seventh davs there were 35 to 50 


mature eggs per ovariole, showing at least a 
three-feld increase in the number of mature eggs 
On the first and second day there were no eggs 
in either the calvx or the oviductus communis 


Frenum of the spermatophore emerging from the gonopore of endophallus and the 


(70 te 0 


Moths dissected on the first, second, third, and 
fourth days were unmated, contained no spermat- 
ophore, and had laid no eggs. On the fifth 
day each of the remaining moths had _ started 
laying, and eggs were laid each day until the 
moth was dissected. All of the latter had a 
spermatophore in the bursa ecopulatrix. The 
moth dissected on the ninth day laid 85, 200, 
363, 606, and 220 eggs, respectively, on each of 
the 5 days before dissection. She had then 
exhausted her supply of mature eggs, as only 
about 35 misshapen white tissue masses remained 
along the vitellarium and in the pedicel 

These data (table J) would seem to indicate 
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that well-fed moths can lav from 200 to 400 
eggs per day, with as many as 600 eggs being 
laid at times, and that when no eggs are fertilized 
the mature eggs are retained in the pedicel and 
ne further development of eggs from the vitel- 
larium takes place. When the eggs were fertilized 
and the pedicel emptied, 3a to. 50 eggs were 
matured per dav in each ovariole. 

It should be pointed out that in the past, 
unmated have eggs, but 
never more than 350 during a long hfetime, and 
this was the exception It seems possible that 
the unmated mago dissected on the third day, 
which had the most mature eggs, might have 
a few eggs from pressure alone had a 
the vitellarium matured 


females deposited 


deposited 
few more eggs trom 
q 


This would be in keeping with what was observed 


tn the behavior of the rmage (Callahan, 1956). 


Fre. 9 


expi 


The fat body was graded numerically from 
1 to 5, depending on estimates of the amount of 
tissue visible: 1, abundant; 2, one-fourth gone; 
3, one-half gone; 4, three-fourths gone; 5, none 
In the female moths the fat 
body was gradually depleted throughout the 
hfe of the moths. On the fourth, fifth, and 
sixth davs no definite quantitative difference 
could be noted by sight alone, although the 
fifth and sixth moths were in the process of 
maturing their eggs and were thus using up 
reserves. By the ninth day, even after the 
maturation of all eggs, there was still some fat 
body left the bottom of the abdomen. 
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H. zea 


reserve to assure egg 
a 


emerges aS an imago with sufficient 
production; however, it 
possible that if oviposition were not 
stimulated by successful mating and the fat 
body was all depleted, the follicles of the imago 
might also be absorbed. It is probable that once 
the follicular epithelium has laid down the 
chorion, the ovarian follicles and their oécytes 
could not be absorbed: but that before that time, 
while in an earlier stage of development, they 


seemed 
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Fic. 10.—Relationship between age (as determined 
by depletion of the fat body) and the disappearance of 
with and without the chorion, in both mated and 


-mated imagos. 


could be absorbed. Consequently, all imagos 
that had been dissected for observations 1n any 
experiment were brought together in ene table 
and those on which complete information was 
available were listed by length of life. Table 2 
includes the number of eggs with chorion, number 
of eggs without chorion, grade of the fat body 
based on the visible amount, and whether the 
imago had copulated and laid eggs or not. 


TABLE 1 
mating, stage of fat bodies, 


Class of 
Fat Body 
Female Male 
Aug. 25-Aug. 26 
Aug. 26-Aug. 28 
Aug. 26-Aug. 29 
Aug. 26-Aug. 30 
Aug. 26-Aug. 31 
) Aug. 26-Sept. 
Aug. 26-Sept. ‘ 
Aug. 26-Sept. ¢ 
Aug. 26-Sept. 


Or he 9 OS OS OO ND ee we 


‘Misshapen. 
»*No eggs in calyx or oviductus communis: 
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Table 2 shows that up to about the seventh or 
eighth dav the amount of the visible remaining — 
fat body could be given a’ grade, but that tor 
the imagos that were allowed to live on and die 
naturally it became difficult to assign any grade 
other than 5 (no fat body remaining or almost 
In only four eases were eggs obtained 
from non-mated females, and these eggs were 
passed out from imagos tn holders. The long lite 
of the older imagos (15, 17, and 24 days) is 
attributed to the fact. that thev were held im- 
mobile in holders. 

From the above data, the figures on non-mated 
imagos having each different grade of fat body 
were added and these numbers divided into the 
figures for the total number of eggs with chorion 
and the total number of eggs without chorion 
that the imagos of each grade had in one ovariole 
This gave the average number of eggs with and 
without chorion for each grade of tat bodies 
(table 3, fig. 10). 

The data show that, since 43 of these mages 
had not been stimulated to oviposition by mating, 
the number of eggs with chorion remained fairly 
constant throughout life. There wis a definite 
decrease, however, in the number of eggs without 
chorion. Since the eggs without chorion were 
not being transformed into fully developed eggs, 
these were possibly being absorbed 

From this group of 63, the data for the 20. 
imagos that had mated and laid eggs were treated 
in the same manner (table 4; fig. 10) 

The data show that gs with chorion 
remained fairly constant until the end of life 
(grade 5) when the last of the eggs were deposited 
The eggs without chorion also remain constant 
until towards the end of life, indicating that thev 
were not being absorbed but were developing inte 
mature eggs with the chorion. Thus :t 
possible that tmagos not stimulated to oviposition 
by mating may absorb their immature eggs, but 
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Tapce 2.— Reproductive history of 63 mated and non-mated in 
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that this does not happen if they have copulated 
and are ovipositing. 


PERCENTAGE OF MATING IN A WILD 
POPULATION OF H. sea 

In order to determine the reproductive potenti- 
ality, samples of the insect were collected from 
light traps in three different localities and dis- 
sected. The sample from Manhattan, Fansas, 
was preserved by fixing in Bouin’s picro-formol 
fixing fluid and then transferred to 70% alcohol. 
The samples from Natchitoches and Shreveport, 
Louisiana, were preserved in 70% alcohol only. 
Each female was dissected and the percentage of 
mating determined by the presence or absence 
of one or more spermatophores. The age was 
determined by an approximation of the condition 
of the fat body. Since preservation in alcohol 
distorted the condition of the fat body, only 
‘three classifications could be used as compared 
with the five-class system used on fresh specimens. 
Class 1 was considered to represent young 
imagos with nearly all the fat body present, 
class 2 equaled: the middle-aged imagos with 


TABLE 3.—Number of eggs with chorion and without 
chorion in one o\ ariole, ot various non mated 
imagos with certain grades of fat body. 
Grade based on visible amounts. 


Number of Eggs 
Grade | Number 
of Fat of 
Body 


With Chorion Without Chorion 


Imagos 
Total | Average | Total | Average © 


0 |- 0.0 50 10.{ 
137 27.4 136 a. 
90 22.5 57 | 14% 
193 24.1 62 10.: 
625 29.8 85 3 


approximately half the fat body depleted, and 
class 3 equaled the older imagos with almost 
entirely depleted fat body. 

Table 5 gives the numbers of imagos dissected 
from each locality, the percentages of females 
having mature eggs with the chorion formed, the 

each fat body class, and the 
percentage of mating. A most interesting rela- 
tionship shown was the indication that the 
incidence of mating for the natural population 
averaged only 56.9%, and that while 39.9% of 
the non-mated moths taken were very young 
(class 1), only 5.6% of the mated moths fell in 
this class. , 

The possibility was considered that the moths 
may have emerged from a field in the immediate 
vicinity of the traps and been attracted directly 
to the light prior to copulation. Three checks 
were used to eliminate this possibility that the 
sample was not representative of the natural 
population. First, the traps were located in 


percentages in 
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widely separate areas. The trap at Manhattan 
was located in an area of small grain and cover .- 
crops. The single corn field near the trap had 
been turned under in October before this popula: 
tion was collected. The moths from Louisiana 
were taken from light traps operating in cotton. 
growing sections. Secondly, the the 
moths were determined by the class of fat body. 
These data show that the majority of moths 
taken fell in the middle group (class 2) at the 
optimum reproductive age. While the writer 
dissected the moths from Manhattan and many 
from Shreveport, a fellow worker dissected the 
Natchitoches sample and many of the 
Shreveport moths. His judgement of what con- 
stituted a class 1, 2, or 3 moth matched that ot 
the writer. Thirdly, the fact that by far the 
greatest number of moths had eggs with the 
chorion formed, (79.8°%) eliminated the possibility 
that many of the moths were less than 2 davs 
old at the time of trapping. The low percentage 
of mating for the Manhattan sample (36.109) 
probably reflects the temperatures of 
October when the sample was taken. 


ages of 


also 


Cow jer 


Number of eggs with chorion and witheut 
mated imago 
Grades based 


TABLE 4. 
chorion tn one ovariole of variou 
with certain grades of tat body 

on visible amounts 


Number of Egy 
Grade | Number 
of Fat ot 
Body Imagos 


Without Chorton’ 


With Chorion 


Total | Average | Total | Average 


oO o 0 0" tad au 
2 51 22.5 63 31.5 


3 * 80 26.6 | 93 31.0 
> - “ 


2 61 30-5 65 34.5 
iB 160 12.3 109 S4 


*Imagos do not copulate so early in hie. 


A comparison of the mated and non-mated 
moths of all the Louisiana samples ot each age 
classification (table 6) shows that of the non- 
mated moths by far the greatest number (305) 
fell in the young age group (class 1), while of the 
mated moths most (647) were in the middle age 
This is in keeping with work 
done on the natural behavior of the 
which indicated that the young imagos 
mated on the night of emergence nor on the first 
night after emergence (Callahan, 1956). Most ot 
the males reaching the light traps were also in the ° 
middle age group. Among the oldest (class 3) 
moths, more mated (78) than non-mated (28) 
moths were taken. Also among the oldest 
(class 3) mated moths-48.7° had more than one 
spermatophore while in the youngest (class 1) 
population only 17.69% had mated more than 
once. (Of the middle-aged moths 42.3°) had 
mated more than once and of the total population 


group (class 2). 
insect, 


never 
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of mated moths 413°) -had more than one 
spermatophore present. 

These data seem to indicate the need for a 
revision in thinking on the use of counts from stood at 
hight traps in. predicting. noctuid populations. — charact 
Obviously the outbreak potential of any popula- pulation tn only 
tion would depend on its reproductive capacity... of a popula 
Studies under wav at present have shown that tion of individual 
the percentage of mating in Pseudaletia unipuncta reduced mating 
tor large samples taken from light traps have cage experiments 


ranged from 0° to 97.40,. The fact that the 
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224 


1600 


percentage of mating for the earworm ts fairly 
, at between 50° and 60°>, while the 
armyworm varies to extremes, would suggest that 
perhaps a tormula for reproéductive potential 
based on percentages of mating should be worked — tion of 
out for each of the economic Lepidoptera. presumably by 
; : eggs without chor 
DISCUSSION AND SUMMARY the female. cervix bursae 
A definite reproductive pattern jis evident | and unexpanded con 
in the imago H. zea which follows a progression : 
dependent upon the mating of the species. The 


eonstant 
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stimuli initiate mating, the cervix bursae prepares 
for the reception of the spermatophore by gland- 
ular activity which leaves the outer cuboidal 
epithelium separated from the inner cuticulum. 
Mating stimulates egg deposition and the im- 
mature eggs without chorion continue to develop 
into mature eggs until the depletion of the fat 
body is complete and the vitellarium emptied. 

The reproductive pattern within the male 
. begins with the formation of a spermatophore 
collum within the ductus ejaculatorius simplex. 
Probably at some period prior to mating, the 
cells lining the ductus ejaculatorius simplex begin 
to secrete the resilient chitinous collum of the 
spermatophore. <Aerostatic expansion of the 
endophallic tracheae plus muscular action evert 
the endophallus, drawing the cuticular section 
of the ductus ejaculatorius simplex and collum 
along inside. The eornuti, having passed to the 
outside, take over and spiral the collum out and 
back along the outside of the endophallus which 
has taken the form of the cervix bursae. Sub- 
sequently the tip of the collum ‘enters the corpus 
bursae and, once inside, the seminal fluid forced 
down the collum expands the tip to form a bulb. 

The chemical physiology of spermatophore 


formation has never been reported in detail.. 


Based, however, on what is known about the 
formation of the insect euticle, 1t may be con- 
jectured that the chitinous collum end is hardened 
and fixed by oxidizing enzymes from the glandular 
cells of the cervix bursae, or by the oxidizing 
action of air, supplied by the branched tracheae 
of the cervix bursae and forced from the cavity 


by glandular secretions of the outer cells, while - 


the tip, being in contact with the cervix bursae 
for a lesser period, remains resilient. Hard, but 
apparently non-sclerotized, cuticles have been 
reported in Dixippus by Fraenkel and Rudall 
(1947). They do not explain the process involved 
in the development of such a clear cuticle, but 
it may be chemically similar to the development 
of the chitinous spermatophore. 

After retraction of the endophallus, the more 
resilient bulb end is constricted by action of the 
muscular corpus bursae and the: sperm forced 
along the collem to the aperture end, which 1s 
locked by the frenum against: the entrance of the 
seminal duct. . 

Direct observations based on a technique of 
serial morphology, whereby the gross changes in 
the makeup of the insect can be chronologically 
recorded, contribute much to knowledge of the 
behavior and physiology of the insect. The 
mechanical and morphological changes, and results 
of such changes, are easily observed. In order 
to complete the picture, however, much more 
work is needed on physiological processes and 
biochemistry of the cells involved in such changes. 
A better understanding of the sexual stimuli 
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_ operating to set these changes in motion would 


alse contribute much to basic knowledge of this 
insect. 
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EFFECTS OF PARENTAL AGE ON THE LIFE CYCLE OF THE 
MEALWORM, TENEBRIO MOLITOR LINNAEUS' 


SISTER KATHLEEN MARIE TRACEY, S.C.? 
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ABSTRACT 

oe pritiy of eld parent completed their larval stage 

wn lO day 6°) to 6.56; less time and averaged 1.‘ 
farval molts than offspring ef young parents; also 
ot 


parents, th 


1 t 
2 fewe and day 


} parent 
mecrease at a ‘art nis and al 
reared at 25° and of those which 
lopment at 30°, a temperature above 

pecies Offspring ot old parents 

herter than did offspring of voung 


t 
il 


1¢ Influence of parental age on the life evele relative humidity 
rotifer Proales sordida was studied by CC. This procedure 

Jennings and Lynch (1928). They found that 
the offspring of voung parents lived longer than being used. Each 
those of the same parents when old. Lansing examined to determine 
(1954), using the rotifer Philodina citrina, ob- to remove the 
served that the age of the mother conditioned needed. Observat 
longevity of the offspring, longevity increasing in duration of larval, 
adolescent but decreasing 1n middle-aged and number of larval 
senile lines. Ludwig (1956) noted that in the each instar 
mealworm Tenebrio molitor, the duration of the A second experiment 
larval stage and hence longevity was shorter in from parents of th 
offspring produced by old beetles than in those and I! weeks af 
produced by recently emerged adults. The pur- being used each 


pose of the present study 1s to observe in greater as desembed above 
h ¢ 


detail the effect of parental age on the life evcle  vidually in vials with fooc 
of 7. molitor. It includes determinations of the at 30° C. outside of the desiceator 
number of molts, rate of growth, and duration of © was maintained high by the addition 
larval and adult life under controlled humidity of water several tim 

p70 ‘ 


conditions at constant temperatures of 25° and = were made on each individual 


30° ©. “= ‘onst ted 


’ 
mes a Week 


MATERIAL AND METHODS OBSERVATIONS 


Newly emerged beetles were kept in chick Parental. age modified th 
growing-mash in a specimen dish at room tem- fife evele as shown in table I. Li 
perature for 5 days. They were then transferred from eggs laid by beetles I week after emerg 
to another specimen dish containing white flour had an average larval life at 25 
and placed in an incubator at 30° C. A bottle ‘Under the same conditions, 
of water, plugged with moist cotton, was placed — offspring f 
in the dish. -Eggs were collected daily for 149.6, and tl 
several davs by sifting the flour. They were The number of 
placed in a destecator over a saturated solution 
of NaCl (relative humidity 75 percent) and kept — respectively. 
there until! hatching. Newly hatched larvae’ an increase in parental age 
were placed individually in 2-ml. vials with a from) voung = parents lived 
small amount of chick growing-mash. These middle-aged parents 41.6, 
vials were then placed in desiceators at 75 percent — parents 37.0 days 

A temperature of 30° ( 

‘Submitted in partial fulfillment of the requirements optimal range for 
for the Ph.D. degree at Fordham University. The the variability 
author wishes to express appreciation to Dr. Daniel However, the results 
Ludwig. at whose suggestion and under whose direction 
thts investigation was cenducted. Accepted for publica 
tron February 10, 1958 

’Present address: College of Mount Saint Vincent, 
Mount Saint Vincent-on-Hudson, New York 71, N.Y of molts was 15.8. Larvae 


io 


pattern as those obtained at 
of the larval stage in offsprin 


averaged 168.8 davs, and 
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and old parents frequently exhibited a very long life was shortened with parental age, averaging 
instar near the end of the larval stage, extending 35.4, 27.0, and 24.2 days. Parental age had no 
from 50 to 109 days. Excluding these indi- effect on the duration of the pupal stage at 25° or 
viduals, the duration of the larval stage averaged = at 30° C. 
165.1 when obtained from middle-aged parents, Table 2 shows that the differences obtained at 
and 158.5 days from old parents. In these 25° C. for the duration of larval life, number of 
groups, the number of larval molts were 15.8 and larval ‘molts and duration of adult hfe were 
14.6, respectively. The duration of the adult — significant when offspring from young and old 
k parents, but not when those from young and 
middle aged parents were compared. The de- 
crease in adult life with increase in parental age 
was also significant at 30° C. in two of the three 
comparisons made. Further comparisons at this 
temperature are of no significance because of the 
very long instar which occurred in two of the: 
three parental age groups. 

The time of the first larval molt in each of the 
three groups also showed a change with parental 
age. In larvae from voung parents at 30° C 
the first molt occurred in 3 days, and at 25° C. in 
» days. Pigmentation of the white larva takes 
place immediately after this molt. In the second 
group, pigmentation and the first molt occurred 
n 2 days at 30° and 3 days at 25° C. in the third 
group these changes oceurred in 1 and 2 davs, 
respectively. 

The growth curves for larvae reared at 25° and 
30° C. are shown in figure 1. Each point ts an 
average of weight readings made on 10 larvae 
As parental age increases, the larvae mature 
earlier and pupate sooner. The more rapid 

_increase in weigiit which oceurs in_ offspring 
from middle-aged and old parents is caused by 
the fact that growth begins earlier than in the 
preceding group. The figure also shows that’ 

Fic. 1.—Effect of parental age on the growth of meal-  Jarvae reared at 30° grow more rapidly than the: 
worm Jarvae. Solid lines, ee reared at 30° C- corresponding group at 25° C although, as shown 
broken lines, ae ve reared at 25° C. Circles. offspring. ‘ ii come 

from young parents; tri: nes: offspring from middle aged st table 1. the duration of larval hte 1s greater 

parents; squares, ‘alia ig from old parents. . at the higher temperature. 





T/ME IN WEEKS 


Table t.—Effect of parental age on the life evele of the mealworm., 
Values are given with their standard errors, 


Age of 
parents (weeks 
alter 
emergence) 


Number Duration of Nicadidhianen silk Duration of 
of larval stage } Pon pee adult life 
larvae (days? oe (days 


Larvae reared at 25 


irvae reared at 30°C. 


16. 168 15 8+£0 14 
35" 210.5«{ 16.2+0 24 
11 165 7 ‘l. ° 15.30.39 
42* . ae ' 16.1+0.24 
20 158 5% 14 620 46 


‘Larvae with a very long inst: 
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DISCUSSION 


deerease tn the length of larval Ife with 
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cot Ludwig (1956) » also noted that 
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toe he) 


at 
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is 
f, 


. * ell » Yer ma. » e 
earefully trmed as in the presen 
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; 
It is not possible to assign a det 


’ ’ 
er of larval molts at ari from 


s to this species Ludwig Oi report ad 
>numt 
>, and at 30° from 23. However, he . 
observe the first molt. In the present 
work, , gy 1 nbers were 9 to 15 


and 13 te 20, respectively. Cotton (1927) #etivity yrosinase with paren 


a, ' eee 


reported 9 to 20 molts in specimens reared tn an ‘raenkel and Leclercq 
neubator with favorable conditions of tempera- le respon the larvae ot T 
ture, humidity and food defi 
It is recognized that we fife evele : om no eff 
nealworm, 7. molitor, 1s very variable. Tem- used 
perature is an important fi r and 30 is whereas in 
above the optimal range n the present experi- emerged to 11 ‘ks 
ments at this temperature, many of the larvae on evtochrome oxidase a 
from middle aged and old parents exhibited a Ludwig and Barsa (1955 
very lor gy instar Arendsen Hein (1923) also reached the age of 6 weeks 
reported that 7. molitor exhibits this phenomenon — gator found an eff I 
under adverse conditions 


The duration of the first instar is modified by 
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SUMMARY 

l. The larval the mealworm was 
shortened as parental age increased. At 25° C., 
the values were 153, 149, and 148 davs when 
offspring were obtained from young, middle-aged 
and old parents, respectively. At 30° C., these 
values were 168, 210, and 212 days. However, 
at this temperature many larvae had a very long 
Excluding these individuals, these’ values 

were 168, 165, and 158 days, respectively. 
2. The number of larval molts also decreased 
as parental age increased. At 25° C., the mean 
number of molts decreased from 13.7 1n offspring 
from young to 12.5 in those from old parents. 
30° C., the corresponding values were 15.8 
14.6, respectively, excluding larvae with a 

instar. 

The duration of. adult life also decreased 
ntal age increased At 25° C., it varied 
from a mean of 45.8 days in offspring from young 
to 37 days in those from old parents. At 30° C., 
and 24 days, 


stage ol 


instar. 


the corresponding figures were 35 


° : . lar 
respectively. 


!. Larvae from old parents began a rapid 


Vol. ol 


ht at an earher age than those 


nts 


tnerease 1 
from voung 
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INTRASPECIFIC VARIATION IN CHLAENIUS TOMENTOSUS (SAY) 


(COLEOPTERA, CARABIDAE)! 
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ABSTRACT 


t this 


Measurements « vary allometrically, 
he head and api al width of the pronotum beu g propor 
ionally smaller in larger specimen c 
nd C. tomentosus lacustrinus Casey, based on individual 
are considered to be full synonyms ot 
a very wide overlap. 


species 
amplus Leconte 


sizes, 
Though there ts 


ot extreme 
C. tomentosus. 


It has long been recognized that the carabid 
beetle Chlaentus tomentosus (Say) is unusually vari- 
able in size and proportions. Two forms have 
names implying specific or subspecific 
differences. Chlaenius amplus Leconte (1856) 
was based on a large specimen from Georgia 
which differs from typical C. tomentosus in having 
the pronotum ‘‘not gradually rounded, but 
parallel in the basal half, very much rounded 
before the middle.”’ Horn (1876) placed amplus 
in synonymy under fomentosus, but Leng (1920) 
ranked it as a subspecies of the latter. Chlaenius 
tomentosus lacustrinus Casey (1920) was based 
on a small male specimen from Bayfield, Wiscon- 
sin. Its length was given as 12.8 mm., which is 


been given 
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average 1 ably -clarger than 
differe: correlated wit! 
and po rete-vear elimatre 


area mig! tise 


southern peeimen 
northern Thr 
climatic difference 


fluctuations tn 


one 


fluctuations tt 


a piven 
hape, of the 


the average size, and con ee jue 
beetle. 


far below the average of approximately 15 mm 


for typical C. tomentosus. It is said to differ 
from C. tomentosus in having the pronotum less 
transverse, in being more elongate and narrow, 
and in being much metallic above. The. 
purpose of this paper 1s to elucidate the range of 
variation in C. tomentosus-and to determine 
whether or not the above mentioned forms are 
truly geographic races entitled to subspecifie rank 
My thanks are extended to the following per- 
sons and their respective institutions for the loan 
of specimens and for other courtesies which made 
this study possible: Walter V. Balduf, Univer- 
sity of Illinois; George Ball, University of Alberta; 
William Brown, Museum of Comparative Zoology, 
Harvard University; O. L. Cartwright, U. S.. 
National Museum; Henry Dybas, Chicago 


less 
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Museum of Natural History; Paul D. Hurd, Jr.. 
Maeceey of California (Berkeley); <A. T. 
McClay, University of California (Davis); John 
C. Pallister, American Museum of Natural 
History; and Milton Hlinois State 
Natural History Survey. 


Sanderson, 


METHODS 

The type of C. amplus was examined in the 
Leconte collection at the Museum ot 
tive Zoology. It was apparent upon comparison 
with typical C. tomentosus that. the ‘greater 
curvature of the anterior portion of the lateral 
margin of the pronotum in C. amplus 1s a result 
of the apical width being relatively narrow. 
The head is proportionally small, relative 
prothorax. 

The type of C. tomentosus lacustrinus was 
examined several vears ago in the United States 
National Museum. Case ‘V's contention that the 
pronotum is less transverse than in typical C. 

Was judged to be err The 
pronotum 1uch less narrowed in front, and 
the head is proportionally much larger than in 
the C. tomentosus, producing .an optical 
illusion of greater narrowness 

It was hypothesized that the 

these forms might be 

etric relationship, the head and anterior 
portion of the prothorax failing to keep pace with 
the rest of the body when the reach 
larger sizes. <A series of measurements was made 
to test this hypothesis, micrometer 
accurate to0.1 mm. Although this ts a relatively 
crude method of measurement, it was adopted 
because it permitted relatively large numbers of 
its to be made. 
width of the 


Compara- 


to the 


lomentosus Mecous. 


is n 
typical 
varving g propor: 
the sean of an 
beetles 
using 


a stage 


measureme! 


The 


pronotum Was detined 
as the distance separating the most anterior points 


apical 


The basal width 1s the distance 
separating the posterior angles of the pronotum. 
These dimensions were measured in 131 beetles 
Additional measurements were made on smaller 
of beetles. Length of elytron from basal 
apex was measured 
Greatest width of elytra, median 
pronotum, and greatest’ width of head were 
measured on 14 specimens. Im the smaller 
series, a conscious effort was made to include the 
extremes in size, by including a specimen from 
Lyme, Connecticut, with a total length of 13.1 
millimeters, from Barachias, Alabama, 
with a total length of 17.5 millimeters. 


on the pronotum. 


series 
margin to on 36 specimens 


length of 


and one 


RESULTS AND CONCLUSIONS 
length and breadth of 
the 
same is 


The ratio between the 
the elytra varies independently of the size of 
individual, as shown in figure 1. The 
true 
pronotum and 
figure 1, these 
median length of 


the length of the elytra. In 
ratios are plotted against the 
the pronotum, rather than the 
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Imerica 


total length et the body . stnee the latter measure- 
ment is difficult aceurately 
different amounts of shrinkage and curvature iy 
different specimens. There appeared to be a 
slight tendenev for the width of the pro- 
notum to be wider in proportion to the median 
length of the pronotum tn the specimens 
The evidence seemed inconclusive, so this ratio 
was omitted from the figure. . More 
measurements made on a large series of specimer 
might show a slight trend toward a 
wider pron otum im larger specimens 

The width 0 
approximates the 
and the ratio between 
of the size of the individual 
trast. the the 
widths of the pronotum shows a definite co 

absolute size (figure 2). It is evi 

larger the spree eg 
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the narrow and vulnerable joint between the 

prothorax and mesothorax and the basal articu- 

lations of the elytra. It ts not surprising that 
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pre fectry gy 
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head 


width of the 
with the width of the elvtra 
a apparent structural 
amplus and C. tomentosus lacustrinus 
attributed to the that they are 
specimens’ of extremely large and 
small size, respectively... Although t 
differ markedly in appears ince (figure 
another lee c 
series of specimens with inter- 
While . there 1s 
specimet frequent 
in southern and small ones te be more. 
frequent in the North, there 1s a very broad 
overlap tn size range for series from all parts of 
the range (figure 4). Three specimens from the 
Chicago region measure 5.4 to oe mm 
the base of the pronotum, well above the mode 
Alabama. A specimen from 
Macon, Georgia, had basal width ef onlv 4.4 
mm., far smaller than most specimens from the 
extreme northern part of the It will be 
noted that these extreme specimens resemble in 
their proportions individuals of the size 
from other regions, rather than individuals of 
other sizes from the same region. It may be 
concluded that C am plus and C. tomentosus 
lacustrinus are full svnonvms of C. tomentosus, 
ne claim te specific or subspecifie rank 
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‘Two extensive’ series of specimens from 
restricted localities were available: 47 from the 
Chicago region (including Lake and Cook Coun- 
ties, [llnois, and Lake and Porter Counties, 
Indiana), and 31 from Tuscaloosa, Alabama.. A 
comparison of the two shows a 
overlap in size, but the average size 1s quite 
different (figure 4). Eighteen specimens from 
_ the viemity of New York City (including south- 
western Connecticut and northern New Jersey) 
were also measured (figure 4). In this admittedly 
small series, the mode is the same as for the 
Chicago area, but the mean 1s considerably lower, 
there being a higher percentage of small spect- 
‘ns. . Nine from the northern ex- 
remity of the range (Alberta, northern Michigan, 
n New England) show a distribution 
similar toe that of New York 


Climate would to 


considerable 


specimens 


norther 
seem be the most likely 
for the diffe 
various populations. 
merely phenotypic, t 
sizes being a direct consequence of longer growing 
and higher temperatures. It 
course, also possible that it is partly or entire 
the reflection of , 
Climatic conditions would scarcely account for 
the difference between the Chicago and New 
York samples. Possibly the explanation for the 
latter phenomenon les in the nature 
In mv experience, Chlaenius tomentosus 
is rarely encountered in its natural habitat, which 
seems to be in drv, open country, such as upland 
pastures. Most specimens are taken as a result 
disaster overtaking nocturnal flights 
‘The series from Tus« aloosa, Alabama, was col- 
lected by Ball at electric lights. On 
certain oceasions, large ‘numbers of specimens 
‘are drowned in large bodies of water and are 
east waves and wind as insect drift 
I have seen hundreds of specimens simultaneously 
on the shore of Lake Michigan. The tendency 
tor a collector, under such conditions, 1s to amass 
Consequently, the series on which 
was based actually represents only a 
All but three of the Alabama 
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ABSTRACT 


thioc holine and related thioesters were inves- 
histochemical indicators of cholinesterases in 
shown that acetyl thiocholine was 
hydrolyzed by insect cholinesterase in a manner indis 
tinguishable from acetyl choline. The histochemical 
detection of copper thiocholine was used to demonstrate 


Acetyl 
igated as 
insects It was 


Study of the cholinesterases and other esterase 
enzymes in insect fundamental 
importance 1n elucidating the mode of action of 
the organophosphorus insecticides (Metcalf et al., 
1955; Fukuto and Metcalf, 1956). Recent evi- 
dence regarding the nature and properties of 
insect cholinesterase (Metcalf et al., 1955; Casida, 
1955), the presence and synthesis of large amounts 
of acetyl choline (ACh) in the central nervous 
system of insects (Smallman, 1956; Chefurka and 
Smallman, 1956), and its pharmacological activitv 
upon the insect nervous system (Twarog and 
Roeder, 1957) has emphasized the similarity of 
the acetyl choline-cholinesterase system of 11 
to that of mammals. Therefore, in seeking 
further evidence of the effects of the organo- 
phosphorus insecticides upon the cellular processes 
of insects, the histochemical technic of Koelle and 
Friedenwald (1949) for cellular localization of 
acetylcholinesterase is ‘of definite utility.. This 
method (Koelle and Friedenwald, 1949; Koelle, 
1950, 1951) involves the enzvmatic 
of acetyl thiocholine and precipitation of the 
liberated thiocholine moiety as the copper 
thiocholine sulfate. When the latter is treated 
with ammonium sulfide, it forms yellowish-brown 
crystals of copper sulfide which localize the sites 
vicholinesterase activity 


tissues 1s. of 


isects 


of acet 
Sylven, 1955). 

This paper deals with the qualitative and 
quantitative behavior of several acetyl thioesters 
with esterases and the effects of anti- 
cholinesterase poisoning upon the histochemical 
demonstration of cholinesterase in the cockroach 
nerve cord. 


nsect 


MATERIALS AND METHODS 


Acetyl Thiocholine Iodide (ATCh).—This com- 


pound was prepared according to the method of ° 


303°C. 
(A MeTCh). 


Renshaw ef al. (1938); m.p. 202° 
Acetyl-B-Methylthiocholine Chloride 
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Pri ipvlene oxide was converted 
sulfide according to the method of Bordewell 
Andersen (1953). To 8.56 gm. propylene sultide 
was added 10 gm. acetyl chloride. After an mitral 
vigorous reaction, the mixture was heated on a 
steam bath for several hours and the product 
1-chloro-2-propyl thioacetate Maes is distilled; bop 
104°-106° C. (560 mm.). The 2-chloropropy! thie- 
acetate was allowed to stand with an excess of 
trimethylamine for 48 hours in a sealed tube. 
The crystalline product  acetyl-$-methylthie- 
choline chloride separated The product was 
hydroscopic and melted at 157°-160° C 

Diethvlaminoethyl Thioacetate Methiodide (DT) 

In this preparation 2-diethvlaminoethy! mer- 
captan (obtained through the courte S\ of Im per il 
Chemical Industries, Ltd., E ngland) was treated 
with an equivalent amount of acetyl chloride in 
ether and gave a quantitative yield of diethvl- 
aminoethyl thioacetate hydrochloride. Diethyl- 
aminoethyl thioacetate was liberated trom’ its: 
“ydrochloride with aqueous sodium hydroxide 
and distilled; b.p. 106°-108° C. (20 mm.). The 
diethylaminoethyl thioacetate was converted to 
the methiodide with methvl todide; 
m.p. 90.0°-90.6° ( 

Phenyl Thioacetate (PT).A mixture of 25 gm.- 
thiophenol (Eastman white-label grade) and 35 
ml. acetyl chloride was heated at reflux for several 
ae The excess acetyl chloride was removed 
by distillation and the product distilled under 
reduced pressure; b.p. 99°-100°C. (6 mm.), 
np” 1.5 

Stock solutions of ATCh, AMeTCh, and DT 
were prepared and stored at 7°C Known 
concentrations of these esters were placed in the 
sidearms of Warburg flasks, and their enzymatic 
hydrolysis rates were measured by manometric 
methods (Metcalf and March, 1949, 1950).- 
“caeetaiMb er hydrolysis was negligible. When 
phenyl thioacetate was substrate, 
corrections were made for the production of COs - 
by the ionization of liberated benzenethiol 
(Gawron et al., 1952), which was determined as 
Ka =8.2 x 10-* at 37.6° C. Nie 

The head of the female house fly, 


eXCCSS 


HOD 


used as ‘the 


Muse a 


436 
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domestica (L.), the ventral nerve cord of ‘the treated with insecticides, 
American cockroach, Peri planeta americana (1..), oa thoroughly after 
and the abdomen and thorax of the } honev bee, dissection, 
cl pis mellifera (I. ), were the sources of tmsect Shdes were prepared with at 
enzymes. These tissues were homogenized in a egg albumen, and 
‘buffer solution of O0.15M NaC1,0.04M MgCle,and — gangh ‘re’ places 
0.025M NaHCO;. The homogenates from one minutes at 37 
insect per ml. of buffer constituted the various were then 
standard breis si SG 
Histochemical Procedure. The oo depe: 
experiments were carried out on adult Peri planet neu 
americana anesthetized with CO. and treated e 
topical applications of acetone solutions of 
insecticides to the head, using the microsvringe 
as deseribed bv March and Metealf (1949) The 
toxicants used were purified tetraethvl pyro- 
phosphate (TEPP), O,O-diethyv! O-p-nitropheny] 
ireieivdnes- O,O-diethy1 S-ethvlsul- 


ie} > 


pl leasph orothiolate (the ONVECN aNiae 


aver 
AMeTCHR 
eT 

oY 


inh a CO, produced im 30 


logue of Thimet sulfoxide; see Metealf et al., 1957) activity. (figs. 1, 2). he incubating met 


} ] } . ’ . . 
he anpn Ww esters Was Tt 


and m-tert-butvIphenyvl V-methvlearbamate (Kol- (pH 6) used with t 

bezen et al., 1954). Two hours after poisoning, Koelle (1951). The AM TC h was dissolved t 
the cockroaches were again immobilized with — 1.1 ml. distilled wat er and added to the mixture 
CO., the wings were removed, and a thoracic to bring the final 

eaudal incision was made in the dorsal cuticle. used as se ies 
The body walls were pinned back, the gut was °0.1M coy ; 
removed, and most of the bodv fat was stripped at-3T"G., ay nit 
from the nervous tissue. The ventral nerve cord copper todide 
and thoracic ganglia were removed in sections. In incubating med 
all the preparations of nerve tissue from msects — the substrate ; 
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in the medium, and the final volume was obtained 
by diluting with distilled water 

Solutions of ATCh, AMeTCh, and DT were 
made basic with KOH (to pH 12), and after 
24 hours the precipitate was collected and washed 
twice with distilled water and dried These 
reactions produced the copper mercaptides of 
these ATCh formed copper .trimethyl- 
ammoniumethyl mercaptide, AMeTCh formed 
copper trimethylammonium-ethyl-8-methyl mer- 
captide, and DT formed copper diethylmenthv- 
lammonium-ethyl mercaptide. Before the addi- 
tion of tissues to the incubating medium con- 
taining the thioesters, trace amounts of these 


esters: 


precipitates were dispersed therein 


DISCUSSION OF RESULTS 

Hydrolysis of Thioesters by Fly Head Bret. 
Acetylcholinesterase (AChE) is present in flv 
head brei in very high concentrations and appears 
to be the principal esterase present, although a 
slight amount of aliesterase activitv has also been 
detected (Metcalf ef al., 1956). The acetyl 
ot hydrolyss: 


TABLE 1. Parameters 
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0.01M., ATCh was hvdrolvzed by fly head bret 
1.10 times as rapidly as was ACh (on the basts of 
averages of at least five complete runs of each 
substrate-activitv curve). Koelle and Frieden- 
wald (1949) reported that rat brain homogenates 
and purified bovine erythroevte cholinesterase 
hydrolyzed ATCh at rates of 1.64 and 1.49 times, 
respectively, those for ACh, at a= substrate 
concentration of 5x 10°°M. With flv head bre 
at this concentration the ratio was 1.22, indicating 
the similarity 1n the behavior of the enzymes from ° 
mammals and insects. From the data given it 
appears that in the presence of insect AChE, 
ATCh exhibits hydrolytic behavior very similar 
to that of ACh, the normal substrate 

The 8-methylcholine esters with fly bret showed 
considerably decreased rates of hvdrolvsis. Thus 
at 0.01M., acetvl-8-methylcholine was hydrolyzed 
about 0.15 times as rapidly as ACh (Metealf and 
March, 1950). and this-was corroborated bv 
Wolfe and Smallman (1956), who found a rate 
of about 0.21 at the substrate optimum. The 


_ thioester AMeTCh at 0.01M was hydrolyzed by 


Subs 


AMeTC! 


Ks Vas Ks 

House fly head 3.7 

Cockroach F 
cord 

Honey bee thorax and 

abdomen (poisoned 


ith para-oxon 


x 10>¢ 140. | 25 
nerve 


3.75 x 10~¢ 125 1908 10 


thioesters ATCh, AMeTCH, and DT were alse 
readily hydrolyzed by the fly head enzymes, and 
their activity-substrate concentration 
curves .(fig. 1) showed the characteristic bell- 
shaped curves with sharply defined optimal 
substrate concentrations which are generally 
regarded as resulting from autoinhibition of 
AChE by excess substrate to produce the ES» 
complex of Michaelis and Menten (Nachmansohn 
and Wilson, 1951). 

The values for theoretical maximum velocity 
(Vinax), and for the Michaelis-Menten constant 
Kim, aS calculated by the graphic methods of 
Lineweaver and Burk (1934), are given in table 1. 

ATCh showed a more generalized behavior with 
variation in substrate concentration than did its 
oxygen analogue ACh (Metcalf et al., 1955, 1956), 
but both substrates had optimum concentrations 
under the conditions of our experiments at or very 
close to 0.01M. The diethyl analogue DT was 
hydrolyzed 0.65 times as rapidly as ATCh and 
also showed a distinct substrate optimum at 
about 0.01M. At the optimum concentration of 


plots of 


x 10% 


ik: _k: 


Lita? 


§.5 x 10-¢ 


AAax we Is 10 


bis 0 INti 


fiy head bret at a rate 4.3 times that of AMe¢ *h 
and about 0.57 times that of ACh 

The limiting factor in the utilization of the 
aromatic ester PT as a substrate for enzvmatic 
studies 1s its solubility in the Warburg buffer 
(<0.007M at 37°C.). This ester is hydrolyzed 
about 1.66 times as rapidly as phenyl acetate at 
this concentration : j 

Poisoning of the fly head bret with para-oxon 
at 1x 10°°M for 30 minutes completely prevented 
the subsequent hydrolysis of ATCh, AMeTCh, 
DT, and PT, thus demonstrating that these 
esters are hydrolyzed by cholinesterase ‘rather 
than by the para-oxon insensitive aromatic 


esterase (Metcalf et al.. 1956).° 


Hydrolysis of Thioesters by Cockroach Nerve Cord 
Brei.—The experiments detailed above, were 
repeated with breis of cockroach nerve cord The 
substrate-concentration activity. eurves are de- 
picted in figure 2. The theoretical maximum 
velocities (Vmax) and the. Michaelis-Menten con- 
stants, are given in table 1. The patterns for 
the hydrolysis of the acetyl thiocholine esters are 
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Fic. 3 Sections of ventral nerve cords of Peri planeta : hE ac 
americana (Magnification 200% ; : ed bv TEPP 
A 5 A ‘nee of AChE activity tn nerve cord of roach ‘ Exposed nerve 
poisoned by para-oxon with ATCh as substrate i-tert-buty 


AChE activity in exposed nerve cerd areas with 
ATCh as substrate 
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very similar to those for fly head brei. ATCh 
was hydrolyzed about 2.0 times as rapidly as ACh, 
while at the substrate optimum, DT was hydro- 
lyzed at 0.79 and AMeTCh at 0.78, the rate for 
ATCh. PT was hydrolyzed about 1.4 times as 
rapidly as phenyl acetate. As with fly head brei, 
30 minutes preincubation with para-oxon at 
| x 10-°M completely prevented the hydrolvsis of 
any of the acetyl thioesters. : 

Hydrolysis of Phenyl Thioacetate by Poisoned 
Bee Brei.—Metcalf et al. (1956) have shown that 
a distinct aromatic esterase found in bee tissues 
is not inactivated by para-oxon or other phos- 
phorus toxicants at concentrations as high as 
1x10-°M._ Preincubation of a homogenate of bee 
abdomen and thorax with 1 x 10~°M para-oxon 
for 30 minutes reduced its hydrolytic activity for 
PT by only about 39[%. The remaining enzyme 
rapidly hydrolyzed PT with a Vinax of 286, thus 
indicating specific aromatic esterase activity. 

Histochemical Effects of Anticholinesterase In- 
secticides.—The experiments reported in this paper 
have been Carried out on the ventral nerve cords 
of Periplaneta americana poisoned by topical 
applications of the anticholinesterase toxicants in 
acetone. Although nearly 100 preparations were 
examined, only a few photomicrographs can be 
presented to illustrate typical results. For the 
purposes of discussion, the degree of deposition of 
copper mercaptides has been designated by a 
minus sign (—) for a negative reaction to five 
plus signs (+++++) for the most positive 
reaction. 

In the control experiments the intact insects 
appeared to be unaffected by 20 of acetone. 
After incubation of the nerve tissues of these 
insects with ATCh and DT there was a heavy 
precipitate (+++-++) formed. The final con- 
centration of ATCh and DT in their respective 
incubating media was 0.01M. Crystals of their 
copper mercaptides were found in the exposed 
neural fiber areas; they also appeared for a short 
distance from the severed edges of these neurons. 
However, along the neurons and ganglia, in areas 
where the nerve sheath was intact, ATCh and DT 
did not penetrate and no hydrolysis occurred 
(fig. 3-B, C). This is further evidence that 
charged molecules such as ATCh and DT do not 
penetrate the insect nerve sheath (Twarog and 
Roeder, 1956). 

The application of 20y of para-oxon, TEPP, or 
Thimet oxygen analogue sulfoxide to the heads 
of cockroaches caused death within 2 hours. 
When the exposed nerve endings of nerve cords 
of these poisoned insects were exposed to solutions 
of ATCh and DT no reaction occurred (—). 
This indicated that the insecticides penetrated 
the insect nerve sheath and subsequently inhibited 
the enzyme responsible for the hydrolysis of 
ATCh and DT (fig. 3-A, D). 

Two hundred y of m-lert-butyphenyl N-methyl- 
carbamate produced partial paralysis and tetany 
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Ineubation of the 
DT produced a 


in the cockroach after 2 hours 
nerve tissue with ATCh or 
partial response (-- -+ +) fig. 3-E This reaction 
occurred in the same pattern as before. This 
would imply the reversible nature of carbamate 
inhibition and the probability of the hvdrolvtie 
destruction of the carbamate molecule after 
2 hours (Kolbezen et al., 1954) 

AMeTCh was hydrolyzed at 0.03M_ by the 
aliphatic esterase of the ventral nerve cord bret 
(fig. 2); however, it did not give a definitive‘ 
deposition of its copper mercaptide when 
concentration was incubated with the 
There was a small but unlocalized response 
These experiments eliminated AMeTCh as a 
useful substrate in these histochemical studies 

The concentration of PT added to the incubat- 
ing medium was 0.01M.° The control experiments 
are indicated in fig 3-F The copper meré aptide 
of PT was found along the length of the nerve 
cord and ganglionic areas (+-+-++-+). The 
nerve cord reaction oceurred on the surtace ef the 
neuron, beneath the lipoid-connective material 
of the nerve sheath. PT is an uncharged molecule 
and penetrates the nerve sheath barrier. The 
precipitates formed were not confined ta the 
exposed neural tissue. On the ganglia 
localization of the copper merecaptide was strik- 
ingly demonstrated. <A. shit made im the 
surface of a ganglion that showed a (+ +++-+) 
reaction; the material of the neuropile timmedi- 
ately extruded and was clearly unreacted 

It was shown in fig. 2 that PT was hydrolyzed 
by an enzyme in cockroach nerve cord brets 
Furthermore, this enzyme was potsoned by 
10°°M para-oxon, wndicating that it was cholin- 
esterase (Metcalf et al., 1955). Pretreatment of 
the insects with para-oxon, TEPP, or Thimet 
oxygen analogue sulfoxide abolished 
activitv in the neuron, but there was a positive 
(+++) response in the ganglonie areas. The 
nerve cord resembled a string of beads, with its 
darkened ganglia and lhght neuron connectives 
Again the reaction was confined to the surface im 
the area of the ganglia. 

PT was partially hydrolyzed (+44) Ds 
enzvmes in neurons and ganglha when the insects 
were pretreated with 200 of m-fert-butyphenv! 
N-methvlcearbamate. This partial hydrolysis of 
the thioester appeared in the same area as the 
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no doubt that the name Tetranvchus telartus as 
emploved here represents a polvtypic 
represented by at le several 
species.” That this statement is highly accurate 
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in the course of thes« 
apparent that there 
nents among certain of the species which could 
not merely on the 

geographic variation. Particularly was this true 
of the forms then known as the “green phase” 
and “red phase’ of Tetranychus bimaculatus 
Later, when it “red phase” 


itself might be composite, 


researches, it became 
were some discordant ele- 


basis ot 


accounted for 


ap] reared that the 


> 7 
a series of intersteriuity 


experiments was run to test the degree of relation- 


ship between the several forms. Since Pritchard 
and Baker had placed 7. bimaculatus as a synonym 
of T. telarius, it was necessary to study European 
specimens along with the North American repre- 
sentatives of the group, in order to determine the 


validity of that nt of the names. 


Aedea 


gi of red specie 


Marvland 


FIGURES | to 6: 
Tetranychus marylandicus, n. sp 
T. australis, 1 D Texas 

7. multisetis McGregor California 
7. lobosus Boudreaux Louisiana 

7 

7 


England 


Germany 


‘‘cinnabarinus (Boisduval 
‘‘cinnabarinus (Boisduva! 


MATERIALS AND METHODS 
A total of 16 strains of the various species ot 
the complex were tested. Among these were 
included the following. Tetranychus bimaculatus 
‘“‘sreen phase’’ was represented by specimens from 


light-field and phase contrast 


[Vol. 51 


: Curae ’ Tyee “4s 
name Prom) locantyes 3%) 


S; namely,. | New 
York, Ohio, New Jersey, Virginia, Texas, Art- 
zona, Washington, and California. The “red 
phase’’ was represented by cultures from Marv- 
land, Mississippi, Texas, and California. Four 
varieties of 7. felarius were tested, two - 
and two “red” phase, 


color from both England and Germany 


eight) sources 
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In order to prevent 
with another, the 


under the following procedures 


stock 
utilized were in all 
indoors in flats of 
the 
thoroughly 
placed in 


cases cotton seedlings raised 
When about two days 

freed of the 
water, and 


about 25 


sand 
were 
under running 


} 
solution, 


old, seedlings sand 
washed 
jars of nutrient 
seedlings then 


a jar. Several jars of 
t) 


were set in an aluminum or glass trav filled 


water to a depth of an inc 
were 
tray 


platform, standing in a 


transferred to the 


seedlings 
with its contents was placed on a st 
pan ol 


with 


machine o1 
fine 
were 
but re 


In a nclosed very 


located 
screening each ©: 
reared in 

moved. from strong drafts 


cages were kept 


greenhouse 
As a final precaution. 


ary measure, the standing in 


- 3 or 4 inches of water and were carefully spaced 


another. In other words, each strain 


was hindered from intermixing with the others bys 


two moats of water and one of oil, as well as by 


from one 


the si reening on the cages 
Preparatory to breeding, old 
females were placed on a young cotton seedling, 
usually five to a plant, which was then placed 
f-ounce jar of nutrient The jar 
water-filled trav, covered with 
jar, and kept in an incubator 
at 72 FF n the had matured, the 
inverted below bv water, 
making contamination virtually impossible. When 
the females had attained maturity, males ot the 
were with after 
being removed .to a fresh seedling, until coitus 
The mated pair was then isolated 
individually in the same manner as.the prote- 
nymph females had been. Each male was per- 
mitted to remain with the female for 4 days, at 
which time he was destroved, while the female 
was not destroved until the ninth day. In this 


pre LON mph 


in a solution 


was then set in 


females 


. ‘ 
enclosure, sealed 


each one, 


place d 


test species 


Was ¢ ybserver 1 


way numerous eggs could be obtained before anv. * 
Off- 
were counted and destroved pe riodicalls 


second generation males reached maturity 
spring 
as they became adult 
Morphological studies made both by 
microscopy. Of 
contrasts were used; namely, 
B-negative, with magnitica- 
tions up to 3000. All specimens were mounted 
in Hover’s medium. In_ studying given 
structure, two identical microscopes were utilized 
that comparisons between 


were 


the latter three 
bright, dark, and 


any 


simultaneously, se 
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individuals of the same or ; species 


could be made 


RESULTS 
Matings between green forms of T. telartus and 
ef TT. bimaculatus. A total of 66 matings was 
made between various green forms as indicated 
notable 1, with 32 different combinations tnelud- 
reciprocal crossings. In matings between 
Zuropean and North American forms, some 
male progeny was produced.” Howe ver, onls 
the total number of 140 of these females 
the remainder being sterile or pro- 
even though inbred 
males. Furthermore, the number ot 


: ‘ 
the temales 


1 , 
male offspring 


wales produced tar outnumbered 

930 to 140. On the other hand, matings involving 
only North American forms resulted in a pre- 
pond rance of females, all of whict produced 
g totaling 635 temales 
tter set of experime¢ 


to oftfe ring gy a comparison ot 


gormal offsprin 
' ‘ 
nales The 1 la 


won 


relatior ee acts as a check on the experin 
procedures and indicates a lack of adverse 
ot es tia relative humidity under which the 
bred mites were raised 

Matings between green and red forms of T. telarius 
and T. bimaculatus.—In all, Sl attempts were 
made toe hybridize various green strains with the 


several red forms, the results of whe ms are shown 
tn table 2. From even a cursorv torr of 
these results, it becomes apparent ‘that ‘onli at 
* 
' 
‘ 


¢ ° 


at 
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small fraction of the offspring are females and 
nearlv all of these are stenle. Onlv one « 
temale progeny laid eggs, and all of these devel- 
eped inte males Further scrutiny of the table 
tndicates a rather lew de oT ot fecundity of 
eross-mated females Gate ‘ha t 
temperature and humidity of the experiment 
an average of tour to five 

female ean be expected, 

period of oviposition permitted in the tests, 
total of between 35 and 45 eggs per tf 

be normal. In the ecrosses,: however, the ma 
mum ratio of eggs per female for the period was 
19, in matings between California “‘red”’ females 
and Virginia ‘“‘green” males, whereas the mean 


’ 
conditions 


’ 
» 
‘ 


‘for the whole series was 9.3, or scarcely more 
than one egg per day per female, equivalent to 
less than’ 25 percent of the normal oviposition 
rate. Not all of this discrepanev can be attri- 
buted to decrease in fecundity, as in some cases 
eggs are laid but fail to hateh, while tn still others 
oviposition and hatehing are normal but the 
voung fail te reach maturitv. Nevertheless, a 
- paucity of eggs ts a frequent observation in 
experiments involving the crossing of such dis- 
similar parent mites 


"For the benefit of the non-acarologts st mig 
pointed out that tn these mites unfertilized eggs pr 
males and fertilized ones give rise to female 


* : 
results of the 
’ . * t 
5 th the 
agree closely witn tne 
es 
tt? 


telarius,” pre esumial ’ 


espeetalls 


: 
en wh; 
a temales whi 


Matings between red 


Fie 
FIG 
Pie 
Pie 


‘ yf 
pre 
is 


Sed 
seq 


ehaae 


bimaculatus 


ro 

> Severs 
eTaosses b 
t , tH 
} 
‘ 


e 


. 
s 
.r) 
10 


which were 


vious combinatt 


indicated, but 
uence largely 


For although nearh 
were deposited in 


sO 


hatch 
tological incoempatibilit 


ey 


ott 


extremely poor that 


, 
ing failed to eccur 


: 
I sperm, rather than of 


tela 


tus 


? 
toll 
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ditions, is indicated by the normal results of the 
cross between the Mississippi and Texas strains 
which are nearly identical morphologically and 
biologically. 
Matings between 
American strains of 


western North 
T. bimaculatus.—Very early 
in these studies it became obvious that the 
Pacific Coast strains of 7. bimaculatus were 
difficult to maintain under summer conditions at 
College Station, Texas. Repeated attempts to 
rear them side by side with strains received from 
numerous localities in eastern North America, 
including some with such relatively cool climates 
as northern New York and Minnesota, invariably 
resulted in failure. Even in air-cooled rooms 
maintained at SO0° F. the west coast varieties did 
not thrive, although they could be reared with 
some degree of success there. 

To test the degree of relationship between 


eastern and 


eastern and western forms, which were so evi- 
dently distinct physiologically, a small number of 
intersterility tests were made, the results of which 


Results of a 


No 


4 “re SSeS 


Source of ot 


Male 


Source of 


Ohio 

Virginia 

E gland 

England : : 1 
Ohio 

Texas 

Germany 


E land 


Virginia 
Germany 
Germany 
Texas 
Washington 
Ohio 

Ohio 

Vi 
r 


rginia 
ex 


Viginia 


‘Progeny was inbred. 

1 table 4. While the number of female 
in the F; generation slightly exceeded 
that of the males (142 to 120), the sex ratio is 
far from normal. Furthermore, when the F,; 
generation was inbred, the results indicated a 
large degree of intersterility, 20 percent of the 
females proving to be entirely sterile, while the 
remainder deposited principally unfertilized eggs. 
Hence, there appears to be ample basis for divid- 
ing the North American T. bimaculatus into west 
coast and eastern components. While. future 
studies may justify further subdivision, time did 
not permit the necessary investigations to be 
carried out at present. 


appear 11 
progeny 
1¢ 


DISCUSSION 
In brief, the results of the foregoing experi- 
ments point out four facts, each of which is suf- 
ficiently important to warrant separate discussion. 
The first of these major facts is that the 
European green two-spotted mite cannot be 


Texas { q 
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considered to be identical to the similar-appearing 
North American form. Hence the specific name 
Tetranychus telarius 1s correctly appheable onls 
to a Palaearctic while our Nearetic 
two-spotted mite resumes tts former name of 7 
bimaculatus. To which European mite the name 


species, 


- telarius shall be applied remains to be ascertained, 
PI 


ttempts to hybridize various green forms of the Tet 


Male 


Progeny 


62 
7s 
Q- 
oe 


O38 


95 


5S 
1 
2S 
11 
24 
au 


for there 1s good evidence that the continental 
mite of the foregoing description, 
represented by cultures from Germany, 1s spe- 
cifically distinct from the similar one from the 
British On this continent, there appears 
to be a iwle wide-spread species to which 
bimaculatus need pertain, although at least some 
marked subspeciation seems to be indicated 

Boudreaux (1956) has -already brought 
data, although on smaller scale, that 
pointed to the fact supported above; ° 
namely, that the high degree of intersterilits 
between red and green varieties in this species 
complex strongly indicative of 
absence of conspecificity. Hence, the so-called 


at least as 


Isles 


si 


out 


a SK has 


y 
second 


18 a complete 


, 7 : 


ranychus telarius bimaculatus eomplen 
. } 
Female 


Progeny * 
Progeny — 


Remarks or 


20 


's produced only mak 
's produced only 3 female 
. appeared normal 
3 females ovi 
males sterile 
{ 30 teste: 
terile 
]l female laid feyys.t 
Females normal 
Females normal 
Fe male 


? 
Fem ile 


normal 


nermal 


red and green phases must now be recognized 
for what they really are, separate and .distinet 
species, a condition that prevails between the 
European representatives as well as between 
those of this continent 

In the third place, the red varieties are obvi- 
ously not conspecific; n fact, only the Misstssipps 
and Texas populations of the red mites tested 
seem to be identical. The others, which were 
carefully selected after biological and ecological 
tests had indicated important dissimilarities 
among them, clearly represent. a number of 
distinct species. All in all, on this continent, 
there seems to be a Maryland species, one from 
California, and a third from Texas and Mississippt, 
while in Europe, the German and ‘British mites 
appear to be distinct from ‘one another as well 
as from those in America. : 

Finally, the fourth conclusion established 1s 
that the Pacific Coast representatives of T. 
bimaculatus are not’ physiologically identical to 
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these of the eastern portion of the contment. hand, the shape of the 
While the degree of intersterilitv is sufficiently remarkably constant wi 
tnarked to justifv the separation of the two as Since the . observable 
chserete species, a more conservative treatment, various forms are 
that of treatment of the two as distinct subspecies confined solely tea 
will be followed here. The structur ; 
' described for 7. telartus by Priteh: 
PRELIMINARY SYSTEMATIC NOTES (1955). Holot Vpes of all new spemtes are ke posite 
In accordance with the conclusions established — 1m the U.S. National ] 
by the tnterstertlity tests, 1t became necessarv er i, seas 
to seek for possible morphological traits that . \dult priscnny ale maiatet 
might serve to distinguish the several forms. As reddish, wi D LOUF black spo : : 
ic of Surface Male with antertor lobe of aede: 
ight, 


‘a result of this search, one new characteris 


t 
some possible future importance came to 1 knob rounded. Overwintering females lacking. 
although of small value here 

This new, trait 1s to be found in the structure 
of the subgénital pit of the female. On each side 
of the pit are a number of rows of flat tooth-like 
processes, of unknown funetion While studies 


ai 
., 2, ? 9 nent . ° = 4 . 9 3 - . oye e 
are presently still in a preliminary condition, this rale. bright orange-red. ‘Tarsus I 


1. Tetranychus multisetis McGregor 


” 
$ 1sy, oD 


multssetses MeGregor 1050: 204, ng. 6 lex 


Patle 3 Re alts of atte trgt at cro dread gy green wi ; 4 ‘ Ne ft] felartyus TV. Fimaculetus con ples 
The color of the parent tr each ease ts indi ‘ ov tt ipproy letter st parenthests 


settee: eat Sseottree: cat No. af 


Male ("reo ee 


Remarks 


Marvland(R) | oN 
Oho v Female progeny pa 
Maryvland(R v 

Pena R , t 7 tb 


Ohio o 
Virginia(G 7 
! 


’ ’ 
v lfemale oa 


exas(G j ih 
E: gland lo 1 
Germanvi R 5 


characteristic promises to assist in making feastbl often with five er six set: 
the identification of species from the female — set of duplex setae 
alone. Although there ts much individual varta- Male. Aedeagus with termina 
tion within species, there are definite constant = anterior lobe narrowly u 
specific trends to be noted, including such items — short, 
as the number of rows of teeth and comparative 
size of teeth from row to rew. However, within 
the present complex, differences are too minor and 
variable to be of anv immediate value here color, even 
More reliable characteristics, however, are to Larva. 
be found in the male genitalia. As may be seen Type locality. 
by an examination of plates | and 2, the differences Distribution. Orange, 
to be noted are of small degree in most instances Bernardino Counties, C 
and are readily perceptible only at high magni- 
fication and with eritical Wlumination. The 
difficulties involved im obtaining satistactors 
tnounts coupled with the shght distinctions pre- (Pig 
sent, explain why these traits have been unob- — Vetranvehus mudtisetis MoGregor, W505 204, ny. & les 
served or passed by as individual variation by | Parte! 
previous workers. Aetually, in all the senes at Female... Rather dull orange. “Tarsus | eften 
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with four or six setae proximad of proximal set 
of duplex setae, but variable in this respect. 

Male. Aedeagus with terminal knob small, 
the anterfor lobe narrowly but distinctly rounded, 
at least as long as wide, posterior lobe moderate 
in length and breadth, acute, upper surface of 
knob feebly biconcave in lateral view. 

Egg. Colorless or whitish opalescent. 

Larva. Nearly white when freshly hatched, or 
only very fain as * amber. 

Holotype male, allotype female, and par: atypes 
Vicinity of Beltsville, M: iry] land. 

Distribution. Known definitely 
type locality. However, a red. 
complex from Blacksburg, 
visionaily placed here; this 
differ biologically but not 
far as studied, from marylandicus. 
tests have not as yet been made between 


‘ only from the 
member of this 

is also pro- 
form appears to 
morphologically, as 
Intersterility 
the two. 
ich different 


of experiments in wh 


Source of No. of 


Male Crosses 


Texas 15 
Marvland l 
“alifornia 

Maryla 

England 

Maryland 

California 

Texa 

> } 


riand 


y 


VSM ee ee 


wales 


“alifornia 
Texas 
‘| eXas 


Tetranychus australis Dillon, new species 
(Fig. 2 ‘ 

Female. Usually bright scarlet, rarely dull 
brownish red, the latter condition more frequent 
in cooler weather. Tarsus I never with more 
than four setae proximad of proximal set of duplex 
setae. Laterally with four blackish maculae 

Male. Aedeagus with terminal knob mod- 
erately small, anterior lobe broadly rounded, 
nearly semicircular, posterior lobe slightly longer 
than anterior one, broad, acute, upper surface of 
knob low, broadly and feebly arcuate in lateral 
view. 

Egg. Clear, 
rarely rosy. 

Larva. Very pale amber, 
freshly hatched 

Holotype male, allotype 
College Station, Texas. 

Paratypes. Leland, 
Merkl. 

Distribution. Widely distributed throughout 
Texas and east to Mississippi. 


colorless, difficult to see on leaf, 


nearly white, when 
» female, and paratypes. 


Mississippi, collected by 


Annals Entomological Society of . 


red forms of TV telartus 


Male 
Progeny 


I merica {Vol. 51 
This appears to be the most wide- 
North American red members of 
species complex. “Southern Red = Spider_ 
is suggested as a suitable common name 


Remarks 
spread of the 
this 
mite” 
for this abundant form. 


1. Tetranychus lobosus Boudreaux 
: (Fig. 4 


tranychus lobosus Boudreaux, 1956: 46, figs. 3, 7, 0 


Female. Deep carmine red, lateral maculae 
diffuse. Tarsus I never with more than four 
setae proximad to proximal set of duplex setae. 

Male. Aedeagus with terminal knob moderate 
in size, anterior lobe very broadly rounded, more 
than semicircular, posterior lobe narrow, acute, 
dorsal surface notched cephalad of middle, low 


and flattened in lateral view 


E 
1 


gg. Clear, rarely a few eggs 


y colorless, 
dish, 


rec 


and T. bimaculatus were interbred 


Female . 
Proveny Remarks 
0 
0 
Ss ‘female progeny 
a : fous inviable 
0 Syys largely inviable 
a } 
0 
0 
0 
0 
0 
0 
0 
IS2 -| All female 


sterile 


tertile 


Whitish when newly hatched 

Grand Coteau, - ourstan 
Known definitel only trom 
record ie Durham, 


Larva 

Type locality. 

Distribution 
Louisiana, with a possible 
North Carolina. 


5. Tetranychus cinnabarinus (Boisduval) 
5,6 
Acarus cinnabarinus Boisduval, 1867, Ent 


Tetranychus cinnabarinus (Boisduval), 


Baker, 1955: 437. 


(Pig 
Hort. SS 
Pritehard and 
Several distinct species are here placed together, 
until extensive intersterility tests can be made on 
populations of this red mite from numerous 
sources in Europe. At this time two distinct 
species may be pointed out, one continental and 
one insular. No attempt at applying distinguish- 
ing names is made, the danger of 
causing greater confusion than now exists until 
the synonymy is straightened out. 
British species (figure 5). 
Female. Dilute dull red, 
maculae when mature, newly 


because of 


with distinet lateral 
molted females 
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very pale amber. Tarsus I with six or seven length: to the la 
setae proximad to proximal set of duplex setae 

Male. Aedeagus with terminal knob rather s neave posteriorly. 
large, the anterior lobe narrowly rounded at tip, Distinetly pale em 


broadly expanded at base, postertor lobe distinetly German species Plate II, tig. 7. 


longer than anterior one, acute at apex, dorsal Female. Overwintering females of rare 


surface low, broadly, not strongly, arcuate, rence, apparently 
posteriorly sinuate SCUSOMNS 

Egg. Clear, shghtly smoky, slowly turning  proximad 
amber as devel pment pre weeds 

Larva. Pale-amber when newly hatched 

German species (figure 6).- 

Female Rather. bright searlet when ma 
with prominent lateral maculae, orangish when 
newly emerged. ‘Tarsus | with six or seven setae 
proximad to proximal set of duplex setae. 

Male. Aedeagus with terminal knob 
anterior lobe dist 
posterior one, sligh 
lobe small, acute, rt "tT surface 
strongly convex, flattene 

Egg. Colorless, somewhat opalescent. 

Larva Pale amber when freshlv hatched 


alts of matings between eastern and wester 


No. of Fy Progen 


Serre af 


» Male Crosses Females | Mate 


. « 
Caltornta oot 


 B. Adult) female with body behind eves the population ts sparse, 
whitish, faintly amber, or greenish, with two ritisl American species 


large blackish maculae laterally, sometimes with ‘case becoming slight 
¢ 


two additional small ones postertorly at } 
Male with anterior lobe of terminal knob acute 7. Tetranychus bimaculatus Harvey 
Overwintering females. clear -orange, without (Figs. 9. 


. 

* ¢ . aren me 
x¢ 

+ bebiag Veal ae ote’, 


sides 


Agric. Ex 
(. Tetranychus telarius (Linne) Detramychi 


438 |misdet 


maculae on sides. Tetramyelus bronentatus Hat 
pt. Sta. 1892: 133 


l seve 
euesl ilies a.iritie 


s 
eee tele, Ta. Tetranychus bimaculatus bimaculatus Harvey 
Fig. 9 
The remarks under 7. cinnabarinus regarding Female. Overwintering 
the status of names for the several species apply — eccurrence 
equally here. Hence, no stricter application of 
the numerous available names will be attempted 
here. Eggs clear and colorless. 
British species (figure 8). 
Female. Overwintering females prevalent, oc- 
‘eurring at nearly all seasons of the vear — setae, ! 
apparently any time the temperature falls below are not unusual 
70° F. Tarsus I with six or seven setae proximad Male. Aedeagus wi t 
to basal set of duplex setae anterior and posterior lobes det 


Male. Aedeagus with terminal knob rather . size and similar in shape, dorsal 


large, anterior lobe narrower than posterior one, ately evenly arcuate, highest at mi 
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Larva 
hatched 

Type locality. Orono, Maine 

Distribution. Throughout the United States, 
southern Canada, and northern Mexico, east of 
the Rocky Mountains and their continuations. 


7b. Tetranychus bimaculatus occidentalis Dillon, 
new subspecies 
(Fig. 10 
Female. 
seasonal occurrence but unknown to the author. 


Tarsus I with only four setae proximad of basal’ 


set of duplex setae. 

Male. Aedeagus with terminal knob somewhat 
larger than. in the nominotype, the anterior and 
posterior lobes somewhat longer and broader than 
in the eastern form, surface unevenly 
arcuate, the highest point caudad of center, dis- 
tinctly bisinuate. 

Larva. Whitish or amber-white when newly 
hatched. 

Holotype. Male. Albany, California, collected, 
by Gordon L. Smith. 

Allotype. Female and paratypes. Wenatchee, 
Washington, collected by W. J. O'Neill. 

Paratypes. Yakima, Washington, collected by 


F. P. Dean. 


dorsal 


In addition to the rather tenuous, although 
morphological distinctions and the 
strong evidence presented by the intersterility 
tests, the present subdivision of the complex 1s 
amply justified by differences in life histories, 
physiological responses, ecological requirements, 
and_ distributional Studies of 
these latter aspects, broader in coverage of species 
than in the present paper, will be presented 
separately. 


constant, 


considerations. 
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NOTICE TO MEMBERS 


A new periodical, MISCELLANEOUS PUBLICATIONS OF THE ENTOMO- 


LOGICAL SOCIETY OF AMERICA will be initiated by the Society in 


1959. It will be 


devoted to entomological articles of more than 20 printed pages and of a type and length 


less than that suitable for the Thomas Say Foundation series. 


If you have questions or a suitable manuscript please write the Executive Secretary, 
Entomological Society of America, 1530 P Street, N.W., Washington 5, D.C. 





RESPONSES OF STOMOXYS CALCITRANS (L.) TO RADIANT ENERGY AND 
THEIR RELATION TO ABSORPTION CHARCTERISTICS OF THE EYE” 


RALPH C. BALLARD® 


‘ABSTRACT 
Speetrophotometrie analysts showed the nea of to merea 
both sexes to have absorption characterist s j to” 
affect only shghtlv. the qualitative responses 
stable tiv to radiant energy in the region 260 my to Too 
Nas Water solutions of the eve’ pigments, analvzed 
spectrophotometrically, showed increasingly strony 
absorption from the blue to the ultraviolet (more pro 
} 3 


‘ ; 
le than in the female) ¢ an increased 


the 


tlounced in the ma 
transmittance into the infrared Behavioral 
‘ 1 


he absorptior 


tudic 


showed that responses were independe nt of 
spectra of the corneas and inversely related to the 
mittance qualit ‘s of the. eve pig nf th resporise 
decreasing as pigment transmittance increased and vice 
versa Thais lends upport to the } s that th 


eve pigment Tye solate in 


trae 


The stable tly, Stomoxys calcitrans (L.), is-an  Stomoxys calcitrans; Part 
annoving pest of man and domestic animals. - Stomoxys caleitrans to rai 
By persistent and frequent attac ks it can cause region 365 mpg to 730 mu: Par 
severe irritation to its host. This can well be a © Stomoxys 
factor in decreasing the milk production of dairy ~ relation 
herds and beet production in range animals tourtold 

Since Stomoxys 18S an important pest, any behavior 
researches that would elucidate some of the , 
factors attracting the flv to its host would be 
‘valuable. A study of its responses to radiant 
energy was therefore undertaken. Since most Part]. THe Ansorprion SPECTRA OF THI 
of the parallel work with other insects has been CORNEAS OF MALE AND PEMALI 
contined to the visible and near-visible regions of 
the spectrum, it was thought advisable, for 
comparative purposes, to do the same. Where. 


Stomoxvs calcttrans 


possible, however, the studies were extended into 
the ultraviolet (260mu—400 my) and the infrared 
(600 my 1300 mu) regions 
The experimental approach for the response of 
Stomoxvs calcitrans to radiant energy was first 
organized primarily as a field problem. It was 
found, however, that because of the number of — cornea 
-uneontrolied variables, a laboratory. study was | opaque for a given 
more feasible. - tentatively conel 
The study was divided inte four parts: Part I, to these particular wave 1 
the absorption spectra of the corneas of male and thought: advisable t 
female Stomoxys calcttrans; Part I], the absorption response ot the 
spectra of the eve pigments of male and temale 
_ flv’s corne 
'This work is taken from a thesis submitted to the Lutz ef al. (1934) were the onlv workers known 
Graduate Faculty of Rutgers University in partial ful who endeavored to n qualitative spectr 
fillment of the requirements for the degree Doctor transmittance for tl : ; 
Philosophy The investigations were supported ‘ “Ach rE 
funds provided for a research assistantship by Carbide found that Drosophila 
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insect cornea could actually transmit this wave 
length, they obtained spectrograms of the corneas 
of the hive bee, A pis, and of the large flesh fly, 
Sarcophaga. It was found that all the ultraviolet 
bands of a cold quartz mercury arc were trans- 
mitted and the extremely short wave length, 
2537 A, was reaching the inner part of the eve. 
These authors then concluded that the response 
of Drosophila was direct to light and not due to 
indirect effect, e.g. fluorescence. Their 
technique did not permit any conclusions as to the 
percent transmittance of the various 

within the ultraviolet and no mention was made 
of the method used to obtain their information. 


some 


regions 
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Cylinders used for cornea mounts. 


‘ting tools used to remove corneas, 
METHODS 
At first an attempt was made to obtain an 
absorption spectrum by attaching the corneas to 
brass shims placed in the cell mount of the 
3eckman Model D. U. Spectrophotometer. Holes 
slightly smaller than the diameter of the cornea 
were drilled into the center of each shim. It 
was found, however, that because of a slight 
movement in the Beckman cell carriage the shim 
holes were never twice in exactly the same 
location. As the light coming through the holes 
was virtually a point source, any displacement of 
this hole would cause a different small area of the 
photocell to be illuminated. This resulted in the 
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instrument registering an inconsistent absorption 
spectrum of the cornea due te small differences im 
the photocell. 

Dr. Seymour T. Zenchelsky, of the Department 
of Chemistry at Rutgers University, suggested 
that the difficulty with the Beckman Spectrophe- 
tometer could be remedied by using a Cary 
Recording Spectrophotometer. Tf cornea mounts 
were constructed for this instrument, they could 
be placed in, the sample compartment and not be 
moved until the destred spectral analysis was 
complete. The Rutgers University Engineering 
Machine Shop constructed six evlinders for this 
purpose. The evlinders, open at one end, were 
1 inch long and %4-inch inside diameter with a 
hole between 0.53 mm. and 0.54 mm. diameter 
‘(measurements made with an ocular micrometer) 
in the exact center of the elosed end of each 
tube (figure 1A). The corneas were mounted on 
these by first placing a small drop of water on the 
mount hole and.then placing the cornea in the 
water droplet. The cornea adhered to the water 
droplet and as the water evaporated it was pulled 
This mounting teehmique was 
the most adequate found. 

It would be well to mention the disseeting 
tools and methods. Live flies were impaled on 
insect pins and the pins embedded in modeling 
clav. The eyes of male and female flies, removed 
by carefully cutting around the edge of the cornea, 
were then placed in distilled water. The pigment 
and tissue were cleaned from. the by 
gently stroking it with a blunted capillary tube . 
needle Slender pieces ¢ hipped trom double edge 
razor blades and embedded in glass tubes (figure 
1B) were found to be the most adequate dissecting 
knives. All dissections were carried out with the 


aid ofa stereosc pie 1 roscope 


Cornea 


RESULTS AND CONCLUSIONS 

The absorption spectra as revealed by the Cary 
Recording Spectrophotometer showed virtually 
no difference in transmittance characteristics in 
the region 345’ mu to 750 mua when this was 
compared with the line tor the cornea. 
mount alone (figures 2A and 2B). There were 
no significant differences in the absorption spectra 
and left 
corneas ofa given sex (figures 2A and 2B). In- 
the far ultraviolet, when the absorption spectrum 
of the, female cornea was compared with the 
cornea mount, there was an absorption peak with 
maximum at 2SO mu in the left cornea and at 
either 280 my or 290 mu (depending on the msect) 
in the right cornea (figure 3A). There was also 
a quantitative difference between the right and 
left corneas of individual insects, for the left and 
right transmitted more ultraviolet light in one 
The male 
cornea in the ultraviolet showed an absorption 
maximum at 280 mu for the right cornea and 
315 my for the left (igure 3B). These differences 


base 


between sexes, nor between the right 
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to be significant for a specific insect since right © purpose of 
and left corneas were chosen at random and 
not necessarily from the same individual. Thes 
do indicate, however, that the visual acuity of 
one insect may differ from another. This ts not 
surprising but merely confirms the fact of indi- 
vidualityv found in all species, 
From the above work one may conclude that 
there are no sexual differences in the qualitative 


found in the male and female are not thought — cells 
I 


spectral absorption characteristics of the cornea 
ot Stomoxvs calcitrans. The cornea in the region 
345 mu to 750 mu acts virtually as a neutral 
density filter. In the region 260 mu te 345 mu 
there exists a small absorption peak at 2SO mu, 
2900 mu, or: ny This qualitative difference, 
however, does not appear great enough to alter 


significantly the spectral response of the biting 
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Kia. 2. Absorption spectrum of corneas of Stomorys 
caleitrans. A. Female. B. Mat 
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flv in this area. One may, therefore, conclude 
that absorption by the cornea of the biting fly 
mav influence the quantitative response of 
ndividual flies to radiant energy in the region 
260 mu te 750 my but has little if anv influence 


on the qualitative response. 
Parr ll. THe Ansorerion Speerra or THI 
Eve PleMentTs oF MALE AND FEMALE 
Stomonvs calcitrans 
The compound eve of the msect is composed 
of a number of units known as ommatidia, which Fic. 3—Ultraviolet 
are isolated trom one another by groups of pigment of Stomonys caleitra 
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prevent sharp resolution of the image. This 
could be determined by comparing the absorption 
spectra of the eye pigments with the response of 
Stomoxys to radiant energy over a given spectral 
region. Since there are physiological differences 
between sexes, the present investigation was 
undertaken to determine whether this was also 
true of the eye pigments and to obtain a general 
picture of their absorption spectra. 

In extracting whole eyes for eve pigment no 
attempt was made to separate the primary and 
secondary pigment cells from the other pigment 
components of the insect eye. A given extract 
would, therefore, contain the photolabile pigment 
or ‘pigments responsible for the initiation of the 


visual process. An attempt was thus made to 


WAVE LENGTH 


Fic. 4 
the eye pigments 
exposure to light. A. 


Absorption spectrum of a water solution of 
of Stomoxys calcitrans before and after 


Male. B. Female. 


detect. the presence of this pigment through 
spectrophotometric analysis. 

Fingerman (1952) discussed the “role of eve 
pigments of Drosophila melanogaster in photic 
orientation.” He concluded that the results 
of his work ‘‘support the hypothesis that the eye 
pigments aid in localization of the image of the 
orienting light on the retina by absorbing light 
that has entered an ommatidium obliquely. 
Localization on the retina is thereby increased in 
direct relationship to the extent to which these 
oblique light rays are absorbed and _ orienting 
position correspondingly increased.”’ 

Ephrussi and Herold (1944) present a review 
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of literature for eve pigment studies, methods of 
extraction, and a discussion of their chemistry. 
These authors point out that the pigment system 
of the normal wild type Drosophila consists of 
two pigments, a red and a brown. The red 
pigment was extracted with 30°, ethyl alcohol 
acidified to pH 2.0. The extracted pigment 
shows the behavior of a pH indicator turning red 
upon addition of a base. The same pigment wil 
act as a redox indicator. In the above solvent, 
the absorption maximum of the red pigment ts 
at 480 my and decreases rapidly on both sides of 
the maximum. The absorption characteristics 
apparently were not investigated below about 
375 mu, nor above 600 mu in either pigment. 
The brown pigment was extracted with acid 
methyl alcohol (approximately 0.270 N). The 
extract was a brownish color as compared with an 
orange-vellow in the ease of the red pigment. 


‘The absorption maxima of the brown pigment in 


the above solvent had a peak at 450 mu and 
“probably a second peak in the near ultraviolet.” 
The absorption in the major. part of the range 
and especially at the peak was increased by 
oxidation. , : 
The authors found that pigment deposition 
in the eyes of flies was far from complete at the 
Both pigments increased tn 
fact, it was found that the 
the pigments were not 


time of emergence. 
concentration; in 
absorption .values of 


stabilized until 4 to 5 days after emergence. 


Wald and Allen (1946) extracted the eve 


pigments of normal and mutant types ot Dro- 
sophila melanogaster with water. The extracts 


“were fractionated by chromatographic adsorption 


on powdered talc, and the spectra and general 
chemical behavior of the fractions obtained It 
was found that the red component in the wild 
tvpe Drosophila contains three well detined 
pigments. All of these pigments exhibit pH 
changes, the absorption maximum shifting towards 
the red and increasing in height with increased 
alkalinity. Of this group the pigments called 
I and II possess very similar spectra with maxima 
at 480 mu to 485 mu, and pigment IV a general 
absorption rising into the ultraviolet. Another, 
described as pigment III, which is believed te . 
be the brown pigment of the wild tvpe Drosophila, 
was found to exhibit a broad absorption band 
with its maximum, in neutral solution, at about 
836 mp. The ultraviolet spectrum was not 
available to these workers and was, therefore, net 
investigated. ; 

Wolken et al. (1957) extracted the eve pigment 
complex of scarlet, wild-type red-eyéd, and white- 
eved Drosophila melanogaster, using the tollowing 
extractants; 2°, digitonin, water, 30°) ethanol 
acidified by 19% HCl to pH 2.0, and 30%, 
methanol similarly acidified to the same pH. 
They found a peak at 270 my in the ultraviolet, a 
plateau at 305 to 320 mw and a minimum at 
380 mu. In the visible range the scarlet and 
wild type red eyed Drosophila have an absorption 
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maximum at d80 ie and a minimum at 550 my. 
No absorption was found for the white extracts 
in the visible part of the spectrum.. 

The photochemistry of the vertebrate visual 
system (rhodopsin, 1 dopsin . or porphyvropsin) as 
deseribed by Wald (1958, 1954) 1s. baste It 
seems pla sible, therefore, that anv invertebrate 
visual svster would possess a photochemical 
process and a photolabile pigment similar to this. 

As vet, noone has isolated a photolabile pigment 
trom the insect eve.’ Bliss (1942), however, 
found that the red | in the eves ot the 

squid: (Lolige vulgaris), the blue crab (Callinecter 
spp.), and the horseshoe rn (Limulus spp.) 
when treated. with formalin becomes photo- 
sensitive (and bleaches in light. The resulting 
change ts approximately symmetrical around an 
absorption maximum at 480 my. Bliss believed 

av possibly be similar to the 
» rhodopsin 
(1955) found a photosensitive pigment 
ef euphausnd shrimp which was 
Matastopsin Retinene, the vitamin 


1 bleaching of rhodopsin, 


METHODS 
In the eve pigment studies, flies were chosen 


that were atl as avs old in order that the eve 


pryment mnrgnt nlized, since, as mentioned 
of 


above, the ev pigment ot Drosophila 1s not stable 
as to absorption spectra until 4 to 5 davs after 
emergence (Ephrusst and Herold 1944) 

In all tests but one, 30 flies were used and these 
were divided according to sex im order that a 
‘separate evaluation could be made. The flies 
Were impaled on tnsect pins and the pins imbedded 
wo mnedeling * Phe dissections were carried 
eut under a stereoscopic microscope. The eves 
were pround in a mortar and pestle using distilled 
Water as an. extractant Se ld 1946).. The 
absorption spectra were ther etermined on the 
Be ‘ kman Quartz Spec tro rons ‘ter Model By U 


n some experiments the tles were dark adapted; 


eases the dissection and extraction were 


earried out in the dark room under a red photo- 


graph hight In one series a different extractant 
was used (saponin 3.8€) in 100, ethyl alcohol) to 
endeavor to detect a photolabile pigment asso- 
erated with the insect eve (Bliss 1942) These 
extracts were studied by means of the Carv 
Reeording Spectrophotometer. Since the primary 
Interest was in the general absorption pattern 
of the entire pigment complex, no attempt was 
made to isolate pigment components, | 


RESULTS AND CONCLUSIONS 
a strong transmittance in the red portion of the 
spectrum and strong absorption in the ultraviolet 
(figures 4A and 4B). In all samples there was a 
peak at 440 my. This was sharper tn the male 
than in the female. The absorpt ion curve of the 


In: all samples tested the eve pigments showed 


fi hat 


Nowed tha 
from approximate 
a stronger absorption than tI 
be seen (figures 4A and 4B 
true in the region from 440 m 
the dark-adapted mal I 
light-exposed for a 

minor ans was det 

120 mu (figure 4A} 
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in this particular series of experiments, no 
photolabile change was detected. This was true 
even when the dark-adapted extracts were 
subjected to light and vice versa. 

It is interesting to note that there appears to 
be a sexual difference in the eve pigments. This 
difference is centered in the ultraviolet to blue 
portions of the spectrum. There are two possible 
interpretations of this: (1) In 7-day-old female 
flies the pigment dep sition 1S not yet stabilized, 
whereas, in the male fly, which was observed to 
begin emergence 1 or 2 days earlier, the stabiliza- 
tion is complete; (2) There is an actual difference 
due to sex in the pigments. If this is the case 
and the pigment function is as theorized, then the 
male flies should show a greater orienting ability 
in this area than the female. These possibilities 
will be more fully explored in Part IV which 
relates the response to radiant energy with the eye 
pigments and cornea of Stomoxys calcitrans. 

The strong transmittance in the red and 
infrared was similar for both sexes. There were 
no peaks in this area (figures 4A and 4B). The 
pigment extracts that showed differences between 
male and female in the blue to ‘ultraviolet showed 
no significant difference in the red to infrared. 
This indicates that the sexual difference, whether 
due to response or time of pigment stabilization, 
is concerned only with the blue to ultraviolet 
regions. In one experiment the spectrum was 
extended to 1300 my and there were still no peaks 
in evidence. The curve gradually smoothed out 
at an optical density of 0.10 to 0.08 (figure 5A). 

In the extracts there was one consistent peak 
at around 440 mu. Wald (1946) reported that 
the brown fraction of Drosophila eye pigments 
gives a maximum at 436 my in neutral solution. 
Since Ephrussi and Herold (1944), however, 
reported that the brown pigment is only-slightly 
soluble in water whereas the red component is 
water-soluble, it would seem therefore that the 
absorption spectra would be shifted more towards 
the water-soluble red component (maximum at 
480 my in neutral solution). This could well 
indicate that the pigment complex of Stomoxys 
calcitrans is not similar to that of the wild type 
Drosophila. 

The minor peak that occurred in the dark- 
adapted male from 360 my to 420 mu and showed 
a decrease when the same pigment was exposed to 
light was first thought to be an indication of a 
photolabile shift. In subsequent samples, how- 
ever, this shift did not occur. It was, therefore, 
not consistent enough to be considered significant 
for this study. 


ParT III. THE RESPONSE OF Stomoxys calcitrans 
TO RADIANT ENERGY IN THE REGION 
, 365 mp TO 730 my 
The experimental program to, evaluate the 
response of Stomoxys calcitrans to radiant energy 
was organized at first as a field study, Csi, the 
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response of the fly to various panels painted with 
It was soon 
realized, however, that a physical description of 
a color is a difficult task. This ts particularly true 
when the color 1s subject to a host of conditioning 
factors ina changing environment. Thus, merely 
designating a color as red, blue, green, et cetera, 
has no real descriptive value and is meaningful 
only to the individual photoreceptors that 
observe it at a given time under a given set of 
conditions. Further, the changes in radiant 
energy impinging upon a specific color in the 
field will be selectively altered due to geographic 
location, position of the sun, cloud cover, smoke, 
haze, et cetera, thus the itself (no 
pigment is monochromatic) will be altered. 

Since the above limitations make such a field 
study of little value, it was decided to confine 
the program to the laboratory. In all studies, 
the flies (Stomoxys calcitrans) were obtained trom 
the Rutgers University Entomological Labor 


atories 


and color 


LITERATURE REVIEW 

The voluminous literature on the response of 
insects to light has been reviewed by Weiss 
(1943, 1945), Cameron (1988), Duggar (1936), 
Hollaender (1956), Bertholf (1940), Ludwig 
(1954), and Wulff (1956). The present review, 
therefore, will cite: only the more important 
recent works ; 

Frost (1958, 1954, 1055) has investigated the 
response of insects to ultraviolet light traps in 
the field. He concluded that insects in general 
are more readily attracted to black than white . 
light when the intensities in foot candles were 
approximately the same. The black light used 
was a 100-watt General Eleetric BH, lamp with 
maximum emission at 3200 A to 3800 A. The 
insects were separated primarily to family 
_ Pfrimmer (1955) investigated the response of 
insects to three traps, each containing a different 
source of black light. The light with a radiation 
peak of $550 A’ (15-watt General Eleetrie 
fluorescent lamp) attracted the most insects 


Merkl and Pfrimmer (1955) reported the 


response 6f insects to light traps in Mississippi 


and Louisiana. They concluded that ‘*much 
more information is needed on the reaction of 
insects to light traps, since each species 1s it 
separate problem. -One type of light could be 
highly effective in trapping one species but not 
other closely related species * The authors also 
believe that light trap eatches of adult moths tn 
the Mississippi Delta indicate that damaging 
outbreaks, especially in the bollworm and tobacco 
budworm, could be predicted several weeks in 
advance. : i 
Frost (1957) compared the efficacy of various 
light traps and Chamberlin (1956) reported an 
improved ethyl acetate jar for light collecting 
Roan et al. (1954), in work with the oriental 
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trust ty (Daeus dorsalis Wendel), found th © response of Various member he Coleoptera, 
sate light intensity, e.g., at twilight, : miptera, Hon “a, Orthoptera, Lepidoptera, 
copulation ithe iptera t we region 3600 A to 7200-48 
however, 
opulatory activity 
erzian (1996) touns that Ino phele s 
Say exhibited a definite rhvthr 
the 24-hour period 
al conditions, 
tivity. at 
sunrise, but ne mating 
between e pe riods It was further found that 
under artificial conditions maximal 
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simul atine v de 
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Humination the 1 
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Cameron (1988) evaluated the response 

dark-adapted house thes, Musca domestica L., to 
different wave lengths in the region from 3022 A ‘ ‘length investigated these group 
ter oes A The spectral 

nercury are and this was compared with a white 1 nilar manner leereasing intensities © 
hght (obtained from a tungsten filament, inside- mor Iromatic ligh wing that the response 
frosted bulb) as a standard. It was found that 

the house tlv is much more strongly stimulated by 

ultraviolet light of 3656 A than by any other part 
‘of the spectrum examined. The effect decreases, — response 

at first rapidly and then more slowly as the longer — colored 
“wave lengths are reached. It was also found to vision in 

decrease inte the ultraviolet bevond 3656 A to 

3022 A. Even at 3022 A wave length the attrac- 

tiveness was greater than at either the vellow 

or green spectral regions. Cameron also dis- percentage 

eussed the various methods of determining flv. imtensities ot 

response as reported tn the literature ; logarithum 

Weiss e@ al. in their earlier work investigated been obtained im 


phy 


source was a quartz (wild tvpe red and white eve Drosophila) respon 
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It is interesting to 
grown (1952, 1953) believe they have found a 
“Purkinje shift’’ in the compound eve of Dro- 
sophila. In the vertebrate eve, this 1s a shift of 
the overall sensitivity of the eve to the shorter 
wave lengths under low illumination caused by a 
shift from cone (photopic) toe a rod (scotopic) 
receptor system. : 

By adapting Drosophila to one color of light 
and then allowing the flies to choose between 
this color and another of a different wave length, 
the above authors (1953) found that in bright 
light the response was in favor of the color to 


Fic. 6 


tube showing the 


apparatus and fly tube as "Er? 
ollowing: upper left arm with wave- 
gth tube; upper ht arm with reference tube; the 
tube ntaining flies. B. Tubes showing 
s, Wicks, and gauze cover in place. Third tube with 
out cover, wick, or vial. , 5 


y 
& 
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which the flies were originally adapted. In dim 
illumination this preference was not shown. It 
was, therefore, concluded that this was indicative 
of true color vision. ; 

Wolken et al. (1957) determined the phototactic 
Drosophila melanogaster to equal 
intensities of light in the region 400 my to 650 mu. 


response ol 
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They found that for the flies investigated the 
response in these was similar to. that 
reported by Fingerman and Brown (see discussion 
above). : : . . 

Ludwig (1954) investigated the = spectral 
response of female mosquitoes, Aedes aegyptt (L.), . 


areas 


to various spectral components trom 365 my te 
1500 mpg. The experimental procedure was 
unique in that he used his hand te attract the 
mosquitoes from a holding cage inte the trap 
cage in which the hand was present. In moving 
from the holding cage to the trap cage the 
mosquitoes had to move through the light color 
beam. The number of mosquitoes moving from 
the holding cage along. the colored light beam to 
the trap cage was indicative of the attractiveness 
of that particular wave length. Intensities were ° 
standardized by means of a thermopile galvanom- 
eter svstem and every precaution was taken to 
prevent voltage fluctuation, lamp age, or other 
physical factors from altering the intensity of the 
source A water filter was inter] vosed between the 
lamp source and the filter to eliminate any heat 
Tests were run at three intensities,’ 
‘low’, “medium,” and “high” and the intensity 
of the spectral sources were as uniform as the. 
apparatus would permit for each level 

Ludwig found that for the low intensity level 
the greatest response was at 400 mu and a second 
peak occurred at 600 mu to 605 mu The lowest 
was in the 5380 mu to 540 mu region 
In the medium and high intensitv levels the peak 
response was at 365 mu; there was a second peak 
at 999 mu to 560 mu The lowest response for 
these levels was at 480 mu to 485 mu. The high 
intensity level gave the greatest over-all response 
and it: was found that radiations above 650 my 
at the low intensitv level, 700 muy at the medium 
level, and 7SO mu at the high level of intensity 
were repellent for female Aedes aegyptt 

As far as could be determined, Krijgsman {19380) 
is the only investigator of Stomoxys calcitrans and 
its response to color. ‘After working with a gray 
horse and a dark brown one, he found that color 
did not influence the attractiveness of either 
animal to Stomoxys. He-conecluded that color 
plays a minor role in the attraction of Stomoxvs 
to its host. 


response 


METHOD 
tube which 1s a 
Fingerman 


The testing device was a “Y” 
modification of that described by 
(1952). Into each arm and the base of the *'Y 
were fitted cardboard tubes 133 inches inside 
diameter and 7!4 inches long. The arms and 
base of the “‘Y’’ were supplied with sliding metal 
plates. The cardboard tubes could thus be 
inserted as far as the sliding plates. ‘These plates 
permitted all tubes to be equidistant trom the 
center of the “Y". On one cardboard tube was 
attached the filter; the tube in the other arm was 
covered with ecllophane and served as_ the 
reference (figure GA). The reference light sources 
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were General Eleetr nfrosted tungsten filame: 
can a 10-watt the lower and a 40-watt at 
the higher intensity level These produced OLN 
foot-candle and 438 toot-candles, respectively 
All other wave lengths were equated to these 
mtensitv levels Into the base of the “Y"' was 
inserted the third tube which contained the flies 
All cardboard tubes were blackened inside with 
No. 24 poster black Rich Art water color (manu- 
facturer, Rich Art Color Co., New York). The 
“V" tube itself was painted a dull black with 
Dutch Bov nongloss black enamel (manufacturer, 
National Lead Co., New York) nm tn bast 
“VY tube the arms and base were I 
and 2 inches inside diam cer; the ¢ 
he “Y’’ arms was 70°. 

The hight sources for the 
were the Westinghouse Photomedium, : 
bulb; the ( rveneral Elec tric untre sted 10-, 20 Py 
H0-, and 200-watt tun gsten bulbs; the Waba 
Superflood, No. Bl, 250 watts: Mineral “ote 
Model SL-3660; and Fisher Scientific Co. Minera 
Light BoSO 

The light iwntersitv was measured bv the 
Weston Hluminometer, Model 608. Before ia 
tmeasurements were made this instrument 
ealibrated by the Weston Co . Newathe. N ~ 
a eahtbration curve for the Weston Model 
provided 

The Spee tral se ginents were wolate a toy 
oft the M series filters provided with the Lumitron 
snodel 402-E manufactured by the Photovolt Coe., 
Ne W York, N: ¥ These filters tsolate wave- 
bands approximi itely 30 mua wide Their peak 
transmission ts 50) to 10°, in the areas noted 

The intensity for each wave length was star 
ardized by changing the distance between 

the photocell. The intensity otf 

the check source was kept standard for each 

ntensity level 

Prior tea testing, the -thes were separated 
according to sex so that at each intensity level 
and at each wave length the response of both 
; nales and temales could be evaluated a 
flees used were 6 to S days old. Approximat 
30 flies were placed, according to sex, mn thetr 
respective eardboard tubes Each tube was then 
covered with a single laver of gauze. At the 
bottom of the tube was a perforated metal cap 
through which a cotton wick was passed (figure 
6B). This was kept moistened with 0.5. M 
dextrose, which seemed the best technique for 
prolonging the life of the flies At first merely 
moistening the gauze with water was tried, but 
the flies survived only about 24 hours; blood gave 
better survival but was not easv. to use. By 
placing the cotton wicks in small bottles of 0.5 M 
dextrose overnight and keeping the wicks moist 
during the day while working with the tubes, the 
flies were readily kept alive tor 38 days. Before a 
given test the flies were dark-adapted overnight 
(approximately Id hours). 
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from which-the following information was derived 
is given in Table I. 
When considering fly response as a 
disregarding sex, the . wave-length arm 
significantly different from the reference arm, at 
the lower intensity, in the following spectral 
regions: 365, 390, 420, 465, and 490 mz. At the 
higher intensity 365, 390, 420, and 465 mu were 
attractive, but 490 my did not significantly differ 
At both intensity levels 


whole, 
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at 440 mu there was no significant difference 
between the reference and the wave-length arms 
At 515 mu, with both intensity levels, all regions 
of the “Y". were equally attractive. From 
990 mu through 730 mug, at both intensity levels, 
the reference was consistently more attractive 
than the wave length. This 1s with the exception 
of 640 my at the high intensitv. Here the wave- 
length arm was preferred. It is interesting to 
note that at both intensities the base and the 
reference were more attractive than the spectral 
region 700 mu to 730 my 

When the spectral response Was considered wm 
regard to a specific sex, instead of a comparison 
of sexes or total response of flies, the results were 
similar to the above. Thus, the and > 
females, when the reference arm was compared 
with the specific wave length, responded sig 
nificantly to 365, 390, 420, and 465 my at both 
intensitv levels. When the sexes were considered 
separately, and not as a unit, both males and 
This 
was also the case for the high intensity response 
at 490 mu. At the lower intensity, at 515 my, 
the reference was more attractive to the males 
than the wave length, but the females evidenced 
no difference. In the case of the higher intensity 
there was no significant preference between wave 
length and reference arm in this same region. For 
both sexes, at the two intensities, the reference 
arm was consistently more attractive than wave 
length from 550 mu through 730 mu with the 
exception of the 640 Here the 
wave length was more attractive. 

When the response of males was compared with 
females in a given spectral region, 1t was found 
that males responded in significantly greater 
numbers, at: the lower intensity level, to the 
regions 365, 390, 440, 465, and 575 mu. There 
was no sex difference, 1n reference compared with 
wave length, at 420, 490, 550, and 620 to 730 mu 
At 515 mu, the reference was significantly more 
attractive for the male. ; 

At ‘the higher intensity, this process was 
reversed and the regions 365, 420, 440, 465, and 


? 
maies 


region at my 


190 my were more attractive to the females than. 
the males. There was, however, no significant 
differences found at anv of the other wave lengths. . - 

In the overall response to radiant energy in the 
area evaluated, it was found that the peak 
response of both males and females occurred at 
365 my at the lower intensity and for females 
in the same region at the higher intensity (figures 
7A and 7B). This peak gradually tapered off 
into the region 730 mu and, depending on the sex 
and intensity, showed two or three peaks in the 
decline. The males at the higher intensity 
showed a peak at 390 mu with a decline to 365 my 
on the ultraviolet side and the usual decrease in ° 
response into the red (figure 7B). It should be. 
noted, however, that both sexes at high intensity 
showed a large increase in response in the region 
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640 mu. As this was the same area in which the 
inside of the wave length arm was 2°F..warmer 
than that of the reference, this response 1s 
believed to be conditioned by temperature. 
There must, however, be a definite attraction in 
this region, for it appears at the lower intensity, 
where there was no temperature difference, in a 
much less exaggerated form. 

At the lower intensity both males and females 
showed three peaks, one at 365 my, another at 
165 mu, and a third at 640 mu (figure 7A). 

At the higher intensity the response indicates 
onlv two definite peaks (for the female), one at 
mu and another at 640 my. The male 
pattern is more erratic and indicates four peaks, 


365 


one at 390 mu, a second at 
515 mu, and a fourth at 640 my (figure 7B). 


DISCUSSION 


If the response of Stomoxys calcitrans to 
radiant energy is considered from the stand-point 
the male and female flies at the low 
respond most readily to ultraviolet 
blue (465 my), and red (640 my), 


of “color” 
intensity 
(365 my), 
respectively. 
responds most readily to the near ultraviolet 
(390 mu), blue-violet (440 my), green (515 my), 
and the red (640 mu), respectively. The female 
at this intensity shows two response peaks, one 
in ultraviolet (365 my) and a second in the red 
(640 mu). The response pattern of both sexes 
slopes down from the ultraviolet and 1s minimal 
from greenish yellow (550 my) through vellow 
(575 mu) to orange (620 mu). It is interesting to 
note that infrared (700 my to 730 mu) seems to 
indicate a repellency, as the flies remained in the 
base and reference arm rather than respond to 
wave length. Ludwig (1954) found a similar 
repellency of light to Aedes aegypti in the area 
above 650 my at his low intensity, 700 my at 
medium intensity, and ‘780 my at the high 
intensity. 
Weiss (1943) reported that under the influence 
of equal intensities insects in general respond 
most readily te 365 mu. From here the response 
declines to 464 mu and then rises to a second peak 
at either 492 my or 515 mu. It then drops to 
575 my and levels off. Ludwig’s work indicates 
that there is a peak response for female Aedes 
aegypti at 365 mu (medium and high intensities) 
and 400 my to 405 my (low intensity) and a 
second peak at 555 my to 556 mu (medium and 
high intensities) and 600 mu to 605 mu (low inten- 
sity). Thus the curve is in a bimodal form as in 
most insects. With Stomoxys calcitrans, how- 
ever, the curve (when considered without regard 
to sex) is trimodal at the lower intensity and 
approaches the characteristic bimodal form at the 
higher (figure 7C). Thus, at the lower intensity, 
the second peak, found by other workers at 
192 my or 515 muy, has shifted towards the blue 
(465 mp). At the high intensity there is a peak 
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At the higher intensity the male - 
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“attempt to 
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at 365 mu, apparently characteristic of all insects, 
and the second peak is all but nonexistent. A 
third peak, not previously reported, was found 
at 640 mu at both intensities. This compares 
somewhat with the second peak reported for 
Aedes aegypti by Ludwig in the region 600 mu 
to 605: my. The apparent repellency of the 
infrared for Stomoxys calcitrans lends support to 
Ludwig’s findings. Since the work of Fingerman _ 
(1952) indicates that the second peak response ot 
Drosophila depends upon the eye pigment types, 
it seems that many of the secondary peak responses 
reported are variable due to inherent differences 
in the eve pigments between Stomoxys and other ° 
insects studied. 

In this study there was a definite difference 
in the response of male and female flies to radiant 
energy. In the lower wave lengths, 365 mu te 
190 my, and at the lower intensity level, the male 
Stomoxys calcitrans responded more readily te 
radiant energy than did the female, whereas at 
the higher intensity the reverse 1s true. A sexual 
difference was noted by Cameron (1938) in work 
with Musca domestica. In this species, however, 
only the female was more stimulated in the region 
investigated. Weiss (1941) gives the response ot 
male and female Aedes aegypti to various com 
ponents of the region 365 my to 720 mu, but from 
his data there appears to be no pronounced sexual 
difference. In most studies differences between 
sexes in response to light have not been pursued; 
therefore no definite ean be made 
regarding the extent of this occurrence. That 1 
does exist and that it may be of relatively wide 
eccurrence would not be surprising, since other 
sexual differences are present, e.g., morphological, 
physiological, and biological. In the response of 
Stomoxys calcitrans to radiant energy it should be 
noted that a general pattern can be obtained 
without separation as to sex (figure 7C). The 
quantitative response, however, in a given area, | 
e.g., 365 mp to approximately 500 mu, depends 

If the response of the male and female 
at the high intensity 1s compared, it can be seen 
that the qualitative response to radiant energy 
is also influenced as to sex. Thus a given stud, 
could well be influenced by the sex ratio of the | 
test organisms. It 1s thus quite possible that. 
many of the differences found in the hterature as 
to insect response to radiant energy may be 
attributed to eve pigment differences between 
species, sharpness of wave-length segment isolated, * 
light intensity, and sex ratio 

Certainly it may be concluded that both male 
and female Stomoxys calcitrans respond more 
readily to ultraviolet than to any other spectral 
region investigated. It would be: interesting to 
correlate’ this with the spectral 
reflectance of heavily attacked dairy animals 
From the work of Jacquez et al. (1955) and 
Dimitroff et al. (1955) on the spectral reflectance 
of human, rabbit, and rat skin there do not. 
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appear te be as t ultraviolet reflectance 
peaks 
Ludwig tn his work extended the investigation 
of the response ot ledes aegyptt to 1500 ma and 
found no: attractiveness for the infrared re 
spectra of the human skin th 
s to be around 700 my to SOO mu, ar 
noticeably unattractive to most insects 
would be very interesting, however, to investiga 
the biting insect response to the infrared 
determine whether the response, if it eccurre: 
was to the same quality of radiations as emitt 
by a warm body, e.g I 
This investigatior ndicate n necessity 


studying the resy S Stomoxvs calcitrans ta 


radiant energy the far ultraviolet and tar 


infrared 
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readily to objects it the pigment envelo 
ommatidium 1s poorly developed 
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So far as ean be determined, no ene has 


ot 


ited to correlate the pigment densitv, eve 

transmittance, and radiant energy response, 

is believed that a comparison « 
nature would contribute to the understand 
the insect eve The evidence indicates 
insects can respond to radiant energy 
258 mu in Drosophila up to 1500 mu mn 
aegvplt, (see Lutz et al. and Ludwig). 
response is negligible in the infrared 
maximum in » ultraviolet at) approxim 
365 mu. This would mean that optte 


ponents must also be influenced by these same 


regions 


DISCUSSION 
In Part I above it was found that the cornea 
ef both male and temale Stomoxys calcitrans 
could not, because of tts spectral absorption 
characteristics, materially influence the qualita 
tive response of this insect to radiant energy 
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qualitative response 1s probably influenced by the 
photolabile pigment and by the isolating effect 
of the primary and secondary pigment cells. 
When the problem of Stomoxys 
calcitrans to radiant energy is compared with the 
absorption spectra of the eve pigments, it is seen 
that as the to radiant energy increases 
the density of the pigment and as 
response decreases pigment density decreases 
(figures SA, SB, SC, and SD). This would 
indicate that the eye pigments of the biting fly 
serve to isolate individual ommatidia and increase 
the orienting ability of the (Thus, the 
Stomoxys sien should be 
greater in the region 300 mu to 500 mu and 
minimal in the region 500 my to 1000 mau.) 
This is further emphasized when one notes that 
response of the fly occurred at 
165 mu and there appeared a pigment absorption 
peak in the region 400 my to 475 muy (figures 
SA, SB, and SD). In all probability, 
the filters available only 440 my and 
165 my, the peak was eloser to 440 mu. The 
fact, too, that both the response to radiant energy 
and the pigment density decreases into the red 
and infrared would indicate the photolabile 
little affected by these regions and 


strong photic tation is not 


response of 


response 


increases 


insect. 


orienting ability of 


the second peak 


since 


isolated 


pigment 1s 
therefore a orier 
necessary. 5 
It is noteworthy that there is no change in the 
density in the region 640 mu eleants 
iS a response. This lends support 
conclusion that the peak is probably 
exaggerated due to a temperature difference in the 
test apparatus. ~ 


An additional 


gment 


“ft 7 cy 
strong 


function for the eve pigments 
‘as suggested in that they could serve as a 
selective filter and would, therefore, be trans- 
parent to some wave lengths.- This would permit 
a response to radiant energy in certain areas by 
its cumulative effect on a number of sensory units, 
though the orienting ability would not be as 
great. When correlates the 
Stomoxys to radiant energy and the eye pigment 
density there is one region, 640 my, in which this 
correlation 1s not apparent. This would lend 
support to the above hypothesis. Since, however, 
the behavior of the insect and the absorption 
spectra of the eye pigments are so well correlated 
elsewhere and since this difference can be attrib- 
uted, in part, to temperature and not wave length, 
it is felt that the evidence is not conclusive. It 
*seems likely; however, if the pigment did have 
such a selective function, that it would be apparent 
over a large rather than a small spectral region. 
In fact, in the region examined there seems to be 
little indication that the pigments possess the 
above postulated function. 

-Although the behavioral studies e extended only 
to 750 my, the absorption spectra of the eye 
pigments, since they are highly transparent in 
the infrared, indicate that the biting fly response 


one response of 
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would be minimal to 1300 mu. This 
; Aedes 


support the work of Ludwig (1954) with 
aegypti in this same area 

It was suggested in Part II 
sexual differences found in ‘the 
Stomoxys calcitrans may have one of two interpre- 
first, the pigment of the male fly was 
atabiaets absorption sens whereas the 
female, which emerged | or 2 days later was not 
ma here 1s an actual sexual difference in the 
pigment complex. Since the flies that were used 
were 7 davs old and since Ephrusst and Herold 
(1944) reported pigment stabilization 
plete in 4- to 5-day-old Drosophila, it 1s believed 
that there indication that an actual - 
sexual difference exists in the pigments of 
Stomoxys. This 1s further emphasized by. the 
sexual differences found in behavioral response 
and the slight sexual differences. found in’ the 
corneas (figures SA, SB, SC, and SD) 

The sexual difference in the 
ments, and behavioral studies indicates that male 
and female Stomoxys calcitrans possess different 
orienting abilities to radiant er ' Since the 
male pigments show a greater density than the 
female in the blue to ultraviolet regions, the male 
would be expected to have a greater onenting 
ability at low intensitv in these same areas.” 
This is borne out by the behavioral studies 
(compare figures SA and SB). At high intensity, 
however, it is difficult to see why the female 
should show a greater response m these same 
areas (compare figures SC and SD). One possible 
explanation is that the pigments are transparent 
enough that more light energy ts incident in the 
total receptor field than in the male. The | 
female, thus, is stimulated by a greater per- 
centage of light than the male. This weuld 
provide a greater response to a diffuse source, 
e.g., the light of the test apparatus, but probably 
would not permit object onentation. Both eve 
pigment studies and behavioral studies indicate a 
similar response tor both sexes in the red-infrared 
regions. This further emphasizes the low stimu- 
lating influence of this area. It 1s worthy of 
note at this point that Van der Horst (1933) 
indicates that insects respond most readily ta 
ultraviolet because, due to light diffraction, this 
is the most favorable portion of the spectrum for 
in the compound eve. If this 
red and infrared radiations would be ot 
little image forming value. This could mean that 
some particularly that 
homiotherms, possess special ok receptors. 

When behavior ts considered relation to a 
photolabile pigment it seems ween robable that 
this pigment would, as in aeeiicienn. possess 
an absorption maximum similar to that maximal 
for behavior. One would expect, therefore, tea 
find the photolabile absorption maximum ‘tor 
insects in the region 365 mu. 

It should be noted, however, that the absorption 
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The egg coverings of floodwater mosquitoes 
were studied suggested by Harwood. and 
Horsfall (1957), in order better to understand 
some of the phenomena associated with hatching 
In this previous work the ovarian development 
of eggs was described, with particular reference 
to the chorion and exochorion. The _ present 
eaccount will report on,the fine structure of « 
coverings following oviposition. 


as 


eggs 


we 
Sh 


MATERIALS AND METHODS 


The fine structure of egg coverings was investi- 


‘Funds for support of this work were provided by a 
grant from the U. S. Public Health Service. 
for publication April 7, 1958. 

2A portion of a thesis submitted in part as the require 
ment for the Ph.D. degree in entomology at the Uni 
versity Illinois, Urbana, Ill. The guidance of Dr. 
William R. Horsfall, thesis advisor, is gratefully acknowl 
edged. Special thanks are due to Dr. Albert Vatter, 
Department Chemistry, University of Illinois, for 
teaching the techniques used in electron microscopy; to 
Dr. Carl Clark, Biophysics Division of the Naval Air 
Development Center, Johnsville, Pa., for interpretation 
with the polarizing microscope and 
electron micrographs; and to Dr. Herbert H. Moorefield, 
Boyce Thompson Institute, Yonkers, N. Y., for providing 
the samples of purified chitin and arthropodin. 
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canadensts 
strmulans 
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ledes aegypti (Linn.), A 
-(Theo.), A. grossbecki Dyar & Knab, A 
(Walker), Psorophora ciliata (Fabr.), 
(Humboldt), and P. howardii Coquillett 
extensive studies were made on eggs ledes 
aegypti because of their availability, and Psoro- 
phora ciliata because of their relatively large size 
The electron microscope was used for determin- 


ing fine structure. Shells from hatehed or dis- 
es 


gated In 


Peron , 
Most 


ot 


sected eggs were embedded in a mixture of 
methyl and butyl methacrylate. Orientation ot 
the specimens prepared for sectioning Was not 
controlled, although they invariably laid on their 
side in the bottom of the vessel in which polymer:- 
zation took place. As a result, all sections were 
cut approximately along their long axis. Many 
oft these sections appear excessively wide, because 
they were cut at an oblique angle. A Spencer 
microtome was used with an adapter clamped too 
the face ot the angle block so that each increment 
equaled about: 0.05 micron (bv 
rather than 1.0 micron. Pieces of 
plate glass, broken at angle of forty-five 
degrees, were employed as the cutting edge in the 
manner of Latta and Hartmann (1950). 
Membranes associated with the endochorion 


of advance 
estimation) 


an 
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were prepared by digesting less resistant struc- fe 
tures of shells from hatched eggs with sedit 
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‘ation) were examined by 
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RESULTS 
edie 


Microstructure of eg? COVEVINES By tse of le 


x 
polarizing microscope it can be seen that the 


main shell or chorion is comprised of a material 


evidencing weak ortentation.” In sections of 


fully developed ovarian, eggs the lines of orienta- 
tien are essentially longitudinal, ‘connecting 
between the inner and outer surfaces of the 
chorien. The direction of orientation 38 sor 


what varmible within ditt regions at 
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consists of a meshwork of fibrils. These inter- 
connecting fibrils are oriented around the egg at 
right angles to its long axis. They connect with 
the upper margins of the bosses (fig. 6), but may 
be dislodged rather easily. 
Eggs of floodwater mosquitoes usually adhere 
urfaces when dry. This phenomenon seems 
due to the presence of a sticky substance asso- 
ciated with the exochorion. The 
such a substance is indicated in figure 7, although 
the material indicated may be an artifact. 

The main structural shell, or chorion, appears 
to be composed of a homogeneous material that 
has fibrillar orientation. When first laid down 
it is stratified (figs. 1, 2), possibly as a result of 
phases of secretion by the ovarian epithelial 
cells that produced it. The fibrillar orientation 
begins at the outer surface of recently laid eggs. 
In fully hatched eggs this fibrillar orientation 1s 
complete (figs. 4, 5) with no visible trace of the 
initial stratification which was parallel to the 
surfaces. The chorion usually solid, 
with fibrils not elearly separated (fig. 5). In a 
few instances the presence of lacunae not believed 
to be artifacts of the sectioning procedure were 
noted. In such lacunae the fibrils might appear 
separate and distinct (fig. 4) Surface evidence 
of orientation within the ehorion was indistinctly 
apparent in a shadow east replica ot the outer 


to s 


presence ot 


appears 


surface of chorion (fig. 3) 
of very small units of similar size, possibly the 
surface’ appearance of the ends of fibrillar units. 
The zone of adjoining epithelial cells 1s left as a 
ridge on the outer surface of fully formed chorion 
(hg. 09). 

A structure found beneath the chorion is here 
termed the endochorion. It was not noted to be 
present 1n ovarian eggs and 1s not considered to 
be vitelline membrane (Harwood and_ Horsfall 
1957), but is present when eggs are capable of 
hatching. Parts of it can then be demonstrated 
by treating eggs or hatched shells with sodium 
hypochlorite. A portion of the endochorion can 
be demonstrated as those parts of egg coverings 
which resist digestion by hypochlorite, being a 
barely visible hyaline sheath immediately sur- 
rounding the embryo. 

Endochorion is composite in nature. At least 
two membranes are found in it, and a matrix 
comprises the major part of this. structure 
(fig. 5). The membranes left following digestion 
by sodium hypochlorite are oriented in an 
interesting manner. There is an inner membrane 
composed of fibrils, and an outer membrane with 
units having a plate-like appearance (fig. 9). 
The fibrils (or micelles) of inner membrane are 
mostly oriented parallel to each other and at 
right angles to the long axis of the egg (figs. 9, 10). 
They are readily visible as separate and distinct 
at the margin where breakage occurs upon hatch- 
ing. The fibrils are occasionally seen to be 
intermeshed at the hatching margin (fig. 11). 
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This seems to consist’ X-ray diffraction pattern of chorion trom 
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In some instances an intermeshed — tibrillar 
orientation can be seen in addition to the essenti- 
ally parallel orientation referred to (fig. 15) 

The plate-like units comprising the 
membrane of endochorion appear to be generalls 
of a hexagonal outline, and to overlap (fig. 14) 
Where two sides overlap there is an increased 
density, and even greater density at the area ot 
overlap of three units. One can imagine that 
such a structure must have a , origin, 
with the succeeding elements building on from 
this point. Such an interpretation requires that 
the same edge of all units should overlap the 
adjacent units in one direction. This in taet 
seems indicated by lines of indentation (overlap 
edges) visible on the same edge of each umit at 
higher magnifications (fig. 15) 

Com position of egg coverings. X-ray diffraction 
was used on the chorion and the resistant mem 


outer 


point of 


branes of endochorion in order to determine their 
chemical nature. The lattice spacings obtained 
were compared with those of chitin (prepared by 
the method of Bergmann, 1938) and arthropodin 
(extracted by cold water) from the imtegument 
of larvae of the blow fly, Sarcophaga crassi pal pis 
Macq The diffraction resistant 
membranes of endochorion closely matches that 
of chitin, and it certain that thev are 
composed of this. material (fig. IGA, B) The 


Lede s 


pattern = of 


seems 


aegypti roughly approximates that of arthropodin 
from the larval cuticle of Sarcophaga crassipal pis 
Such a possibility agrees with Gander’s (1951) 
belief that chorion of this species 1s composed ot 
tanned protein. No definite conclusion can be 
drawn from this single study of chorion, but the 
lattice spacings merely suggest a general similarity 
between chorion and some of the protems of the 
ntegument. 


LIST OF ARBREVIATIONS 


Artifact, resulting from preparation method or net 
actually portion of egy 

Possibly adhesive matertal ass 
exochorion. 

Boss or knob of exochorion. 
Chorion. 

Collodion membrane. supporting seetion 
Endochorion 

Fibrillar orientation of structure being examined 
Hatching margin, margin of truc 
ture into cap and body portions of 
surtace of outer 


ectated with 


separation of 
shell 
Indentations on membrane et 

endochorion 

nner membrane of exochorion 

Inner membrane of endochorion 

Apparent lacuna or space within chorten 

Matrix between membranes of endochorion 

Outer membrane of endochorion. 

Outer membrane of exochorion 

Ridge on surface of chorion formed at miuryin 
‘ between epithelial cells. 

Stratification present in chorion at time of its 

formation. 

Surface indentations on outermost surface of bos: 

Unit (micelle?) in outer membrane of endochorion 
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heurs following ey Iposition ~ 4.500 Note 


fleation at this stage. with fibrillar orientation 


tnenemy at the outer surtace. 


re Section of « horien of Pscropho 2 


Fic. 2.—Section of chorion of Psorephora ciliata, ¢ 
heurs following oy Ipoesition « 4,500 

rr. 2 Collodion replie a of surface of chorion. Aedes 
aegyplt, shadow east with ehromium ~< 8.300. Note 
suggestion of units of similar size and sh pe Width 


_ these units falls within range of fibrils observed in 
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ot 


ehorion of various species 


Fic. 4.— Section of eap portion of shell from hatched 
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FiG. 8.—Section of part of exochorion from body 
portion of egg of Aedes aegypti. X 4,500. Fine structure 
of bosses especially apparent. Boss appears to have 
dense outer portion with less dense eore. Artifact is 
bubble evolved under heat of electron beam. ; 

Fic. 9.—Composite micrograph of inner and outer 
membranes of endochorion in cap portion of egg of 
Aedes. aegypti, shadow cast with chromium. X 2,580. 
Transmission of electron beam through doubled portion 
of both membranes indicates that they are extremely 
thin 


Fic. 10.—Inner membrane of endochorion from body 


Sh 


portion of shell of hatched egy of Aedes aegypti, shadow 


cast with chromium. ™ 4,500. Individual micelle 


distinct where pulled away from edge of hatching break 
Fic. 11.—Inner membrine of endochorion from body 
portion of hatched egg of Aedes aegypti, shadow cast with 
chromium x 4,500. Reversal of usual direction of 
orientation and intermeshed condition of fibril: 
the “‘hinge’’ region of the line of dehiscence. 
Fic. 12.—Inner membrane of endochorion from body 
portion ot hatched egg ot Aedes aegypt. shadow east with - 
chromium. & 30,000. : 


mav be 
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Fie. 18 General aspeet of ‘doubled 
endocherion from eap reg of shell, 
ledes acevpl Shadow east with 
© SOM Note different orientation and s¢ 

Fic. 14.--Outer membrane of endochoric 
portion of hatched egg of Aedes aegypu, shadow 
with chromium ~ 4,500. Note appearance of 


nal plates with tmereas density at 


1. Outer membrane of endochorion from ea 
rot hatehed ¢ gy of Aedes ac gvpli,s hadow cast 


ehromium ~ 30,000, Similar direction and arrange 
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Discussion.—The findings with _ polarizing 
microscope and electron microscope suggest that 
parts of the egg coverings of floodwater mosquito 
eggs are composed of materials pr issessing definite 
orientation. The orientation of such structures 
is not too surprising, since orientation also occurs 
in the cuticle of arthropods, which is likewise 
formed from the secretions of an epithelial layer 
of cells. Further comment on this observed 
orientation will be made here. . 

The orientation of molecules into repeat units 
of similar size and shape has been termed micellar 
orientation. Micelles were originally thought of 
as being separate and distinct units, analagous 
to a number of bricks. Richards (1951) has 
pointed eut that such a rigid interpretation 
cannot be strictly adhered to, and that micelles 
actually represent the average dimensions of 
regions of a high degree of regularity separated by 
areas of lesser regularity (or greater randomness). 
It has been thought that micellar orientation 
occurs within a substance as a result of natural 
stress. Such unity of orientation could therefore 
occur after the formation of a substance, and 
indeed Ribi (1954) has shown this to be the case, 
even in non-biological structures such as poly- 
éthylene. In addition Richards and Anderson 
(1942) mention changes in the orientation 
present within new and old cuticle. 

The inner membrane of endochorion is com- 
posed of fibrous micelles of chitin which, for the 
most part, lie parallel to one another. The width 
of these micelles (0.025-0.029 miucrons) 
within the range of the measurements of Richards 
and Korda (1948) for micelles of chitin in tracheae 
of the roach, Periplaneta americana (I..) (0.01 
0.03 microns). : , 

Material comprising the outer membrane of 
endochorion is composed of chitin, or a closely 
related compound X-ray diffraction patterns 
of the combined inner and outer membranes of 
endochorion do not ‘suggest that a material other 
than chitin is present. The outer membrane 1s 
extremély thin, and might therefore contribute 
little to the diffraction pattern. The ‘presence of 
plate-like units of similar size and shape suggests 
lamellar micelles, and indicates .the crystalline 
nature of the substance. Resistance to digestion 
by sodium hypochlorite suggests the outer 
membrane 1s 
doubtful if a waxy material.could withstand the 
heat of the electron beam. It seems logical, 
therefore, to assume that the outer membrane of 
endochorion is composed of chitin or a closely 
related compound. 

It is proposed that the chitin or similar com- 
pound of outer membrane of endochorion 1s made 
up of laminar micelles. These laminar micelles 
are roughly hexagonal, and in Aedes aegypti they 
measure from 2.6 by 2.8 microns to 0.9 by 0.9 
microns between parallel Such ‘overall 
dimensions easily fall within the longitudinal 


sides. 
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dimensions of fibrous micelles of chitin. The 
threefold range in variation of size 1s not imcon- 
sistent with the threefold variation in width of 
fibrous micelles of chitin described by Richards 
and Korda (1948). Because the micrographs of 
this membrane at 30,000 diameters do not suggest 
a fibrous nature, the compound should have a 
different configuration from that of the long 
macro-molecules in fibrous micelles. 

There appears to be considerable evidence for 
the existence of laminar micelles of chitin 
Richards (1951) points out the possibility of such 
a configuration, though the laminate structures 
referred to by Schmidt (1942) and Picken (1940) 
actually seem to be fibrous micelles arranged in a 
single laver to form a plane. The existence of the 
laminate extremely thin outer membrane ot 
endochorion in close conjunction with a fibrous 
inner membrane coincides with the discovery ot 
Richards and Korda (1948) of an extremely fine 
and homogeneous appearing membrane im 
junction with fibrillar chitin in tracheae 

The observation of orientation within sections 


Pa} 
lly 
- 


of chorion suggests an arrangement not norm< 
considered. As has been noted, through 

polarizing microscope the chorion exhibits bire- 
fringence. However, a fibrillar 
most apparent, upon examining sections with the 


he 


apy} earance 38 


electron microscope, when the cutting edge has 
traveled in a direction roughly across the long 


axis of orientation. It’ appears then that the 


‘fibrous structures observed are present in chorion 


in the widths made apparent, but thev are not 
visible until separated by compression imto 
alternating layers of different densities. Such an 
orientation does not fit readily into a classification 
of intrinsic or structural birefringence. That the 
interpretation is correct 1s strengthened by the 
appearance of greater density on one side of the 
so-called fibrils than on the other side (figs. 1, 9) 
Occasionally distinctly separate fibrils appear to 
be present (fig. 4). The .fact that the 
of fibrils are not seen within sections of chorion 
agrees with the interpretation of polarized-light 
studies that orientation is in the form of spiral 
material. What then 
fibril in the chorion is in reality a cross section 
through a long and flat structure. In terms otf 
crystallography such a structure would be called 
a flat needle, but the units in chorion seem to lack 
the rigidity such a term imphies. 

Outer membrane of exochorion shows fibrillar 
orientation in the same direction as the imner 
membrane of the endochorion. It can be seen 
that the fibrils join at frequent intervals giving 
the impression of a network (fig. 6). -As the 
composition of these fibrils is not known, specula- 
tion as to details of their micellar structure 1s 
premature. It may, however, be noted that the 
size of these fibrils varies considerably. 

Micellar composition often causes marked 
changes in the size and shape of a structure as 11s 


ends 


sheets of appears as a 
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SOME PREDACIOUS MITES OF THE SUBFAMILIES PHYTOSEIINAE AND 
ACEOSEJINAE (ACARINA: PHYTOSEIIDAE, ACEOSEJIDAE) FROM 
CENTRAL CALIFORNIA WITH DESCRIPTIONS OF NEW SPECIES 


> E. KENNETT 


Members of the genus Tvphlodromus and oth 


t 
, Be nes den4 y . . . stye ye re 
closely. related genera of he sublamyrls nve 


urrently recetving verv active 


rer 
tad 


Teoosernae 
attention to field investigations revealing investigatio 
their importance as predators of various mite ‘evelame 
pests (Cutright, 1944; Lord, 1949; Smith ar by two spectes ot 
Summers, 1949; Clanev and Pollar O52; reticulatus Oudem: 
Hutfake r and Kenne bt; Tag: . ner 2) } Wom | 
Ricker, 1954). Nesbitt (1951) included 17 species 
of Tvphlodromus in his study of the genus, which 
has since grown until today there are approxt- 
tnately 44 spectes known. 

As a result of the recent taxonomic work of 
Garman (1948), Nesbitt (1951), Cunliffe and 
Baker (1953), Evans (1957), and Chant (1957), 

However, 


Nowe pred feog poutelte ation Mareh I. 1048 fase nds Lis 
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plantings. Of these, three are of the 
Typhlodromus, three are of the genus A mblyseius, 
and a single species is of Phytoseiulus. 

Two additional species from strawberry plant- 
ings are placed in the subfamily Aceosejinae as 
defined by Evans (1957). One spec 1eS 1S placed 
in the genus Lastosetus, the other in Garmantia. 
Several are considered to be new species and are 
described herein. In addition, notes and com- 
ments significant as to taxonomic characters and 


host associations on strawberry are given concerns: 


genus 


ing other species already known to science. 

All specimens were collected by the author 
except where noted. The specimens were cleared 
in lactophenol; those with heavy pigmentation 
were sometimes heated to facilitate the clearing 
procedure. The detailed descriptions were made 
at a magnification of 430x from specimens 
mounted in C-M medium (Clark and Morishita, 
ace Measurements are listed in microns and 

» the average of the numbers examined. 

The following ke ‘Vy 1S de ‘signe od ta se parate on ily 
Phytosetinae and Aceose} jinae 
to eceur on strawberries in central Cali- 
neric and specific separations are 


for the species included in this paper. 


those ‘species of 
known 
fornia Ge 


valid only 


AND ACKOSENINAD 
“ALIFORNIA 


Key 10 ADULY FEMALE PHYTOSENNAL 
ON STRAWBERRIES IN CENTRAL 
With more than IS pairs of setae on dorsal 
shield (Phytosetinae) alee : 
With 35 or more pairs of setae on dorsal shield 
(Aceosejinae) : Ce 10 
With only 14 pairs oft dorsa il ‘set Le; an M; 
absent; many 1€ distinctly pectina 
Paytoneleies scanviatibe (Bi inks) 
With more than 14 pairs of dorsal setae; 
M» present: most setae smooth, a few tainty 
per eae ects he iabate as 3 
Some dorsal setae (Ly, Ls, M2) long and whiy 
like, ethers minute; all setae smooth; seta 
D; usually absent (An nbylseius Berlese) 
Dorsal setae never long and whip-like, mostly 
smooth; seta D,; present (7 yphlodromus 
Scheuten) 4 : Sie te 6 
Long whip-like setae (Ly, Lo, Ms) of unequal 
length, seta Le about twice as long as Ly and 
M2... Amblyseius elongatus (Garman) 
Long whip-like setae (Ly, Ls. sed of approx: 
mately equal length a 
Venter with four narrow platel e alig med be 
tween genital and ventri-anal i ites 
. ‘Ambiyeoina fragariae 1. sp 
Venter without narrow platelets between genital 
_and ventri-anal plates 
Amblyseius exopodalis n Sp. 
of later: il set ie on dorsal shield 
Typhlodromus anchialus n: sj». 
With nine pairs of lateral setae on dorsal shield 7 
All dorsal reaching to or past base of 
succee ding setae 
Typhlodromus occidentalis Nesbitt 
Most dorsal setae short, sometimes a few reach- 
to or past base of succeeding setae ss 
Dorsal shield smooth; setae short, Ly the long 
est, about 42 u long 
Typhlodromus brevispinus n. sp. 
Dorsal shield noticeably reticulate; seta Ls 
distinctly more than 42 wu long 
Dorsal shield distinctly reticulate; ventri-anal 
plate triangular in outline; seta Ly about 53 p 
long Typhlodromus reticulatus Qudeman 


not 


seta 


With eight pairs 


setae 
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America 


anal 
seta 


reticulate; ventri 
? 1 
gonal in outline; 


Dors: hield lightly 
pla te rectangular-pent: 
L about 70 can 3 

Typhlodromus bellinus Womersley 

Large ventrt-anal plate present, a far re 


moved (9 to ISu) from genital plate, bear 
1 


10 (1) 


r pairs ot pre-ana etae aa 

. Lasioseius scapulatus n. <4». 

Small ar removed (304 to 
90 u) from genital plate, bearing no pre-anal 
setae sas Garmania bulbicola (Qudemans) 


ing four 


anal plate present, f 


PHYTOSETIDAL 
was erected by Berlese in 
More recent workers such as Vitzthum (1941) 
placed the subfamily Phvytosennae mn the family 
Laelaptidae, as did Garman (1948) and Nesbitt 
(1951). Baker and Wharton (1952) returned the 
subfamily to the Phytosendae. Whatever the 
eventual disposition of the ee the genera 
now included in the Phvtosetunae contain. the 
majority of species predacious om phyteph- 


This family 1016 


agous mites. 


Typhlodromus reticulatus Oudemans 
1 vphlodromus re 1430, Ent Berichten 


S(172): 70-71 


tieulatus Oudeman . 


This species ts one of two commonly found on 
men mite, 
tal region 


be ‘CM 


strawberries infested with evela Steneo- 
tarsonemus pallidus, in the central coas 
of California. Hundreds of specimens have 
collected from the various counties and consider- 
able examination shows it agrees very well with 
Oudemans’ original description (Nesbitt, 1951) 
Specimens sent to Nesbitt in 1951 were considered 
by him to be 7. reticulatus. Collections over a 
five-vear period have produced all females In 
the laboratory, reproduction readily occurred 
with virgin females 

However, 1f this species from 
Califormia is actually the 
T. reticulatus, there 1s injected a 
concerning the prey on which it has been recorded 
as feeding by various. collectors. Numerous 
experiments showed conclusively that this form 
could not utilize two species of tetranychids as 
food, whereas it reproduced readily under the 
same conditions when supplied with S. pallidus 
and Hemitarsonemus latus (Banks). 


strawberries in 
same as Oudemans’ 
strong doubt 


Typhlodromus bellinus Womersley 

Typ phlodrom mus bellinus Womersiev. 1954, Australian 

Zool 2(1): 177-79 

This species is generally more common on 
strawberries than 1s 7. reticulatus. However, 
both species commonly occur in mixed popula- 
either species being dominant as the case 
may be. This species was considered by Huffaker 
and Kennett (1953, 1956) to be 7. eucumeris Oud 
until specimens sent to Womersley confirmed 
suspicions that it should be considered as 7. 
bellinus {Womersley, 1954). Unavailability of 
previous measurements of the dorsal 
7. cucumeris led to confusion because of the great 
similarity of the dorsal setal pattern of the two 
Without accurate measurements of the 


Ik ur 


tions, 


setae of 


species 





Kennett: 
the dorsal sets 
eontused and 
ddiffic alt. 

Typhlodromus brevispinus Kennett, 
(Fig ltod 
Bods 


‘x. - Dorsal shield smooth, 1 


somewhat o 


Female 


‘ ee 
leet ever ve 


ations, « 
Coloration é 
pale brown 
of cheliceriac 
pilus 


shightls 


dentilits 


shield be; 
pairs of lateral 


and z 


Female 
emale, 
: “ 
Fic. 3 


ahir i 


, Posterior peritreme et 


t heln ore 


postertor patr bo » margin of 


angle of the plate Metapodal 
bearing the fourth parr ot 
plate typical e 
present, the smaller pair very taint 


plate shghtly broader than genital, 


Sternal plate bearing three pars of se 


n outline, faintly reticulated and bearing 


Pores absent 


pairs of pre-anal setac 


reaching anteriorly fe setae 


ending in an acute angle behind coxae IV. 


subovate tn outline 


’ 
peostte 


' 
ventral setae 


Predactous Mites trom California 


Dorsal 


Dorsal setae 


tes mrearsurements 


: 
seth 
Neu, 


Dew spee 


Dior: 


acking reticnu- 


IV 


ceo fee 


Remarks 


with 7 


Poy 
fC MMS EES 


tye : * 
l IS Speetes Is t 


te 3 ee 
strawberry 


Typhlodromus anchialus Nent 


Fre i; 
Ventrs 


‘tae, the 


the oblique 


plates present, 


Genital 


Pwo pairs of parapodal plates 


Ventri-anal 


: 
rectangular 
t MC ISUVEMEHIS 


hree 
Peritremes 


postertorly 


Dorsal setae 
Ls 36u IV macroseta, 


specimens?) 


Vale be dy 


Legs 


oD Eigt 


robust, with a very fine macroseta on the pestere- 
dorsal surface ot the basitarsus of leg IV. 


subovate 


: e : . 
than female Dorsal shi 
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Movable digit of chelicerae with a 
well-pronounced spermatophore-bearer which 1s 
L-shaped, the arm extending proximad and having 
a minute hook at the apex. Sternal-metasternal- 
genital plate with five pairs of setae, the anterior 
pair slightly more removed from the second pair 
than are the remaining pairs from each other. 


as in female. 


Ventri-anal plate triangular, bearing four pairs of . 


pre-anal setae and a pair of pores as in the female 
Male measurements.—Dorsal shield, length 
268u; width Il44u. Dorsal setae length Me 254, 
Lo 35u. Leg IV macroseta, length 32u. : 
Type locality.—Female holotype, male allotype, 
and eight female paratvpes taken from strawberry 
November 13, 1953, at Watsonville, 
Numerous specimens taken from 
leaves on July 29, 1954, at 
Four female paratypes and 
S. National 


leaves 
California. 
English walnut 
Moraga, California. 
one male cotype deposited in the U. 


12 


Typhlodromus anchialus sp.n. FiG. 6, Female, dorsal 
shield. Fic. 2% Female, chelicera Fic. 8, Ke male, 
sternal plate. Fic. 9, Female, ventri-anal plate. Fic. 
10, Male, chelicera Fic. 11, N ale, ventri-anal plate. 
Fic. 12, Female, posterior peritreme ending. 
Museum. Additional paratypes are also de- 
posited in the eolleetion of the California Insect 
Survey. 
Remarks.—This 
T. conspicuus (Garman). 
pattern 1S identical, 


species is very similar to 
Although the dorsal 
the length 1s 


setal setal 


distinctive, especially setae Ls and Me, both being . 


shorter than Ly; whereas in 7. conspicuus they 
are of equal length. The presence of four pairs 
of pre-anal setae, as well as other characters, 
prevents this species from fitting the 7. aberrans 
Oudms./T. vitis Oudms. couplet of Nesbitt (1951, 
p. 17). The sternal plate agrees rather closely 
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with that of 7. n. sp. Cunhiffe & Baker, but they 
disagree in number of setae of the dorsal lateral 
series and in the shape of the ventrt-anal plate. 
There 1s relationship between 
v. anchialus and T. pint Chant and T. arboreus 
Chant but it ts distinguished from both of these: 
by the relative lengths of setae L; and Ls. 


} } 
also a close 


Typhlodromus occidentalis Nesbitt 
Typhlodromus occidentalis Nesbitt, 1951, 


/ ! Verh 
Rijksmus. Nat. Hist. Leiden No. 12: 29-30 


Zool 


Specimens collected from many strawberry 
fields agree with Nesbitt’s original deseription 
except that the ventri-anal plate usually has four 
pairs of pre-anal setae; sometimes one seta of the 


fourth pair is absent. Also, the third and fourth 


pairs of ventral setae are borne on mefasternal 
platelets which are indistinguishable in| many 


specimens 

On strawberries -7T. occidentalis 
tetranychids, particularly Tetranychus  telarius 
(L.). It is most numerous curing the winter and 
early spring months and generally 
very low level as the host declines for the summer 

Other collections were taken from peach, bean, 
and vetch. 7. occidentalis was associated with 
T. telarius on bean and veteh, and on peach it was 
with Metatetranvehus ulmt 


prey Ss any 


de reases to i 


pe issiblv associated 


(Koch) 


Genus Amblyseius Berlese 
Berlese, 1914, Redia 10: 443-45 
Zercon obtusus Koch, 18389 
Amblyseius, Garman, 1948, Connecticut. Agr 
Bull. 520: 16; Cunliffe and Baker, 1953, 
Biol. Lab. Publ. No. 1: 1-28; Womersley, 
Australian Jour. Zool. 2(1): ISS8-91; Muma, 1955, 
Ent. Soc. America 48(4): 263-66 
Berlese erected the 
include six species and two varicties of one ot 
them, the tvpe species being lmblysetus obtusus 
which he had previousl\ placed in the genus 
Seius Koch in 1889. Unfortunately, 
illustrated only the long, whip-like dorsal setae 
and designated them as A, P and L, giving their 
measurements in His A represented 
the adanal setae (now considered VL); P, the 
and I. the lateral long 


lob? Genotype 


Vsells 


Expt. Sta 

Pinell ch 
1953, 
Ann 


genus 


Amblvseius to 


B at A 
»CTICSEC 


mucrons 


posterior long setae (Ls); 
(Ms). In his discussion of the 
Berlese stated that) he considered the 
humeral setae (L,) of no importance. — - 
Some subsequent authors have redeseribed the 
genus and figured various species showing only 
eight setae in the dorsal lateral series. They alse 
have designated seta Me as being seta Ly or, 
commonly, L;. Because of ‘the usually 
minute size of seta L; and the slight ventral 
curvature of the dorsal shield, it 1s very easy to 
overlook the presence of seta L; which ts laterad 
of Me and sometimes hidden by it, and, con- 
sequently, to consider seta Ms to be Lz. Of the 
two species of Amblyseius deseribed as new in 


genus 


long 


setae 


this paper, both exhibit nine setae in the lateral 
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series Examination of cotvpes of .Imblysetus between gen 

Imblysetopsis) amerteanus Garman reveals th Amblysezus 
presence of nine lateral setae as shown 

; ; 
original figure by Garman. However, 
deseription of amerteanus Garman stated tha 
is long and that Mets “about half as long as Lig 
In this ease L; 1s actually Ms and what was 
considered by him-as Me should be the ventro- 
lateral seta (VL) niiffe and Baker (1953, 
Pd) alse figured amertcanus showing Moe as a 

late oral seta and omitting men Womerslev (1954) 
determined four specimens Australia bre: hich beeomes contiguous w 


: 
nad tu 
o4 


Imblyseius obtusus (Noch), the figures of ebfusus antertor ta setae LL) an: 


> 
, 


: 
7 2e 
au 


showing Y Mo» as lateral setae 1 corre sponde: e 
with Worn rslev, that author confirmed 
presence of a minute seta Iz. making set 
the figure actually M, 
Examination of a specimen of Lmrhylsetus 
i lmblysero »psis) aertalis Muma again revealed the 
fone Sence Of a very ite Seta L.;. laterad of Me 


One additional undesertbed speetes ot Lorhlveetus 


in the author’s collection also shows the presence 
of seta L;. 
Chant (1957) redesertbed 
species of Berlese’s LmAblyserus, 
“a subgenus of Vy phlodromus 
tlustrated, nine lateral setae are 
inf. grandts (Berlese) which sh 
setae (see Chant, 1957, p. 304) 
In all species of Imblyserus examined t 
a has been found to be present, 


total of nine lateral setae appears to be consts 


“within the genus 


Amblyseius fragariae Kennett, new spectes 
(Pigs. 18 te 20 

hematle Body broadly obovate in outiine, 
broadest in region of legs II] and IV, and slightly 
posterior to them. Dorsum convex. Colorati 
light to dark brown, the pigmentation deepest 
ventral plates Fixed ¢ ligit of cheliee rae minut 
quadridentate m addition to the pilus denttlts. 


Movable digit unidentate and equal tn length 
the fixed digit. Dorsal shi eld smooth exce pt 
furrows in the prop \dosomal region, 
podosomal region and ai the opi 
region; moderately constricted just 4 
coxae IV; with 16 pairs of setae comprised o 

nine pairs of lateral (L.) setae, five 

dorsal (ID) setae and two pairs of 

setac Three pairs of lateral setae, 

and one pair of median setae, My, long and whip- 

like, approximately the same length, except LL, 

which ts about two-thirds the length of the others 

Setae Le and Mbp» faintly pectinate. Lateral 

setae Le and Lg also elongate but much short 

than L;. Sternal plate broader than cam 

clearly reticulated, bearing three pairs of setae 

and two pairs of pores. Metapodal — 

present, bearing the fourth pair of ventral setae 

Genital plate broad at base, distinctively con- 

-stricted anteriorly, Four narrow platelets oceur the endopodal 


yosterior to 
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plate entirely so it appears to have four acute 
projections on each lateral margin. Ventri-anal 
plate arrowhead-shaped, bearing setae and pores 
as in the female. All ventral plates reticulated. 
Chelicerae normal for male Phytosetinae. Spermat- 
ophore-bearer elongate, lazv-T shaped, the distal 
arm with a minute hook at the apex, the proximad 
arm curved, ending in an acute point. Order of 
macrosetal length of leg IV same as in female. 
In the male, however, the tibial macroseta 1s 
but slightly longer than the normal tibial setae 
and not greater in length than most of the tarsal! 
setae. 

Male measurements. ngth 3: 
width 238u. Dorsal setae lengtl I 
Ms 7Ou. Leg IV macrosetae len; 
tibia 28u, basitarsus 73u. (One specimen)- 

Type locality Female holotype taken on 
strawberry) leaves February 9, 1955, at Covote, 
Santa Clara County, California. Male allotvpe 
and three female paratypes taken on strawberry 
leaves November 22, 1955 at San Jose, California 
Two female paratypes taken on strawberry 
leaves May 9, 1954, at Santa Maria, California 
Female holotype, male allotvpe, and one female 
paratype deposited in the U.S. National Museum 
Additional paratypes are .also deposited in the 
collection of the California Insect Survey. 

Remarks.—Specimens of this were 
collected at two rather widely separated localities 
Nothing is known of its feeding habits. However, 
was taken during the fall and spring 
seasons when the two-spotted mite, Tetranychus 
telarius (L.), 1s most active, it is felt that this 
mite is a more likely prey than cyclamen mite, 
S. pallidus, which is most active during the 
summer months. 

This species was originally considered for 


ce 
0 M2 


Ss] IOC 1es 


since it 


generic rank because of the absence of setae D,; 
However, since it agrees in all other respects with 
Amblyseius, it was decided that this character 
is not.sufficient to justify erecting a new 
unless other supporting evidence is found. 

The length of the the tibial 
segment of leg IV appears to represent a transi- 
tional stage between those species having three 
macrosetae as in Amblyseius and those having 
two as in several species of Typhlodromus. 
intermediate macroseta (tibial) is the -shortest 
of the three. It is longer than all other tibial 
setae and about the same length as the normal 


genus 


macroseta oft 


tarsal setae. 


Amblyseius elongatus (Garman)* 
(Figs. 21 to 26 
1958, Ann Ent 


Amblyseiopsis elongatus Garman, Soe. 


America 51: 69-79. 

Specimens of this species were taken from 
strawberry plants in a greenhouse at Albany, 
1958) has renamed 
gualamatlensis nom. nov.*’ 
Vyphlodromus (sub-genu 


2—D. A. Chant (letter dated June 1, 
this form ‘‘Typhlodromus (A. 
placing it in the genu 
Amblyseius). 
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California ever a 3-vear period. Seventy-three 
females were reared on eyclamen mite, Stenerotar- 
sonemus pallidus (Banks) in the laboratory during , 
LQ55 No males were observed, reproduction 
oceurring readily from virgin Under 
greenhouse conditions this species may alse pres 
on two-spotted spider mite, Tetranvehus telarius 
(L.) It never from field 


collections 


females 


has been taken 


“ie 
re 


\ 


eloneatus it} Fic. 21, 
Dorsal shield. FiG. 22, Cheliceri , 23,. Ventre 
anal plate. Fic. 24, Leg IV. Fic veritreme 
FIG 26, oterr al plate 


A mblyseius 


ending 


Amblyseius exopodalis Kennett, new species 


27 to ad 


(Fig 

Female. Body ovate 11 outline, broadest 
posterior to Leg IV. Coloration hght brown 
Fixed digit of chelicerae quadridentate in addition 
to the pilus dentilis. Movable digit minutely 
unidentate and noticeably shorter than the fixed 
digit. Dorsal shield mildly tmbricate, slightly 
constricted opposite leg IV, with 17 pairs of 
setae comprised of 9 pairs of lateral (L) setae, 
5 or 6 pairs of dorsal (D) setae, and 2 pairs ot 
Setae Ds ts represented by 
only one seta in nine of ten specimens examined 
In the tenth specimen both setae of this pair are 
Two 
pairs of lateral setae, L, and Ls, and one pair otf 
median setae, Mo, are long and whip-like. Setae 
Mz and Ly. of approximately the same length and 
faintly pectinate. Setae L, approximately twe 
thirds the length of Ly. Setae Li and Lg longer 
than remaining setae, being 40-424 m length 
Sternal plate broader than long, smooth, with 
three pairs of setae and one pair of minute pores 
Metapodal plates present, bearing the fourth pair 
of ventral Genital plate truncate, not 
broad at base, constricted anteriorly. Ventri 
anal plate shghtly wider than genital plate, 


median (M) setae. 


present, but one 1s displaced posteriorly. 


setae 





— 
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broadly rectangular, constricted opposite third consists of numerous ‘ntteul vhereas n 

pair of pre-anal setae, clearly imbricate trans-° A. exepodalis there are only: four small teeth. 

versely, with three pairs of pre-anal setae and a Al. exepodalis is also very close AL gramintis 

pair of minute pores posterior to the third pair. Chant fsee Chant Wi 

Two pairs ot parapodal plates present, ve rmiform, ce seriptt ‘ ; 

the laterad pair twice as large numbe 
Peritremes anteriorly ending tn front of setae as the presence of 

vertreales The peritreme ts earried in a selero- y the ch 

tized plate which becomes contiguous with the 

dorsal shield anterior to setae L,; and which also ts 

fused posteriorly with the exopodal plate which 

ends in a blunt hook behind coxae IV. . Legs 

long, robust. Leg IV with macrosetae on genu, antet 

tibia, and basitarsus, the tibial macroseta but we podal pla 1 lL. evepodalis serve 

little longer than the normal setae I nales of the two species. Thrs 
Female measurements.—Dorsal shield, length 

SOSu, width 243u Dorsal setae length, L, 41, 

L, ONu, M, Sd. Lo 92 Leg IV macrosetae 

length, genu SOu, tibia 354, basitarsus T4y 

(Ten specimens) 
Male Smaller than female, body ovate, not 

ws broad posteriorly as in female Dorsal setal 


‘ 
. ’ 
t ol 


pattern same as tn fe male Sternal-metasternal- 
yenital plate -bearing five pairs of setae, the 
anterior pair farther removed from seeond pair 
than the remaining are from each other. Ventri- 
anal plate arrowhead-shaped and joined with the 
exopodal plates posterior to coxae TV, reticulated, 
bearing six pairs of pre-anal setae and a pair of 
small, eresé ent-shaped pores just posterior to the 
fifth pair of setae Chelicerae normal for male 
Phytosetnae. Spermatophore-bearer T-shaped, 
the distal arm blunt at tip. the proximal arm 
eurved, ending in an acute point. Leg IV with 
macroseta on genu, tibia and basitarsus, the 
tibial macrosetae but slightly longer than the 
ermal setac 
Male measurements. Dorsal shield, length 283, 
width 200u.. Dorsal setae length, L) 324, Ly 45, 
Ms 5S6u, Lo 59u, Leg IV macrosetae length, 
genu 3$Su, tibia ~32u, basitarsus 52u.° (One 
specimen) 
Type locality.—Female holotype and three 
female paratypes taken on strawberry leaves on 
May 9, 1954, at Santa Maria,.California. Male 
allotvpe and four female paratypes taken on 
strawberrv leaves on October 4, 1954. at Santa 
Maria, California, Three female paratypes taken 
on ‘strawberry leaves on June 28, 1954, at Santa 
Maria, California. Female holotype, male allo: gpecies was taken in the spring 


: 
. 


type and two female paratypes deposited in Jeaves heavily infested with evelamen 
U. S. National Museum. Additional paratvpes — several close locations at Santa Maria 
are also deposited in the collection of the Cah- 
fornia Insect Survey. Phytoseiulus macropilis (1: 
Remarks.— This species ts similar to A. fragartae — Laelaps macropilis Banks, 1905, Proe. Ent 
in the length of the long dorsal setae, Comparison ton ¢: 139 a : 
of the descriptions shows them to be quite ee Id, | 
distinet, 1. fragariae being much more robust and etaceciaice. stevert Mvuse. 2008, tall 
more heavily sclerotized while A. exopodalis is 397-401 (new specific synonyms 
like Typhlodromus in this respect. Some simi-  Phytosetulus macropilis (Banks), Cunliffe 
larity to Amblyseius, similis (Noch) exists, but 1953, Pinellas Biol. Lab. Publ. No. 
the dorsal seta are distinct. Also, the denticula- This species has been viewed by recent workers 
tion of the fixed cheliceral digits in A. similis as of uncertain generic position. Evans (1952) 
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erected the new genus Phytoseiulus:for his species 
speyert, which he has recently stated (personal 
communication) 1s the same as the old Hypoaspts 
macropilis (Banks). Thus the generic description 
of Evans is accepted for this species. 

This species has been rept irted as an impé rtant 
predator of tetranyehid mites by several workers 
(Smith and Summers, 1949). It has been taken 
by the author at only one location at Salinas, 
California in December, 1955, on a new planting 

‘of strawberries heavily infested with Tetranyvchus 
télarius (L.). W. W. Allen, University of Cali- 
fornia, reports taking this several 
occasions on strawberries infested with 7. telarius. 
Apparently this species was once an important 
predator of tetranychids but due to its high 
susceptibility to present-day acaricides it has 
become uncommon in strawberry fields. 


species on 


ACEOSE JIDAE 

z his family was erected by Baker and Wharton 
(1952) to accomodate a single species, Aceoseius 
muricatus (Koch). Evans (1957), 1n his treat- 
ment of the family, included a number of genera 
which previously were placed in the Phyteseidae 
by various authors. ; 
species of mites recovered from straw- 
of genera included in the Aceosejidae 
by Evans. The author herewith adopts Evans’ 
classification for the discussion of these twe 
Both species are therefore placed in the 
following his key to the subfamilies 


or Laelapt idae 
Two 
berries are 


species 


Ace sejinae, 


Lasioseius scapulatus Kennett, new species 
(Figs. 35 te 40 


Female.—Body ovate in outline, broadest. tn 
region between second and third coxae. Dorsum 
slightly convex. , Coloration light te medium 
brown, pigmentation deepest on ventral plates. 
Fixed digit of chelicerae with 12 to 13 denticules 
and a minute pilus dentilis. Movable digit 
distinctly tridentate. The palpal femur bears a 
specialized seta unilaterally arré »whead-shaped at 
its apex. The rima is composed of at least four 
transverse rows of minute teeth, row 2 from base 
of hypostome bearing the most teeth. Dorsal 
shield entire with distinct shoulders formed by 
the junction of the peritremal plate and the dorsal 
shield, mildly imbricate, bearing 36 pairs of 
thickened, faintly pectinate setae of quite uniform 
size, several anterior marginal setae shorter, and 
one pair on the posterior margin more than one 
and one-half times the length (564) of most 
others (354). Eight pairs of interscutal setae 
present, the anterior pair opposite 
Sternal plate smooth; as long as broad, the 
anterior margin straight, the posterior margin 
barely concave; bearing three pairs of setae, the 
anterior pair on the margin‘of the plate. Two 
pairs of pores present. The fourth pair of ventral 
setae arise from rectangular metapodal plates. 
Genital plate short, truncate at base, only slightly 
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coxae IV." 


Il merica [Vol 1 


Genttal opening sinuate.- 


twee 


constricted anteriorly 
A narrow, lightly seleretized plate Tres be 
the genital and ventri-anal plates and ts 
stricted at several points indicating a tendeney 
toward becoming platelets as om LPmd/vserus 
grandis. Two pairs of small parapodal plates 
present. The larger outer pair ovate, the 
smaller inner pair narrow. Ventrt-anal pla 
broadly triangular, wider than long and clear 
transversely imbricate, bearing pairs of 
pre-anal setae. Peritremes reaching anteriorly 
to setae verticales, the peritremal plate forming 
the anterior margin of the dorsal shield. Postert- 
orly the peritremal plate fuses with the exopodal 
plate which ends in an acute angle behind coxae 
IV. 


Leg IV beartrig macrosetae on the genu, t 


. 
erty 


Ter 
’ 
iv 


four 

’ 
il 
th 


tar 
ae hied, 


basitarsus, and tarsus 
Female measurements 
width 
126u; width 
basitarsus 92y, 


le t sth 
length 


‘ 
length, 


s! 1k Id, 


l ) yrsal 
inal plate 


Ventri-an: 
Leg IV 


tarsus SSu 


SOAS 2256 


1034 MAacrasetie 


(Five spe ewes? 


Fic 4, Dorsal 
i. ite Pie 
FicG 1, 


Lastoseitus scapulatus p. 7 Fem ile, 
shield. Fic. 36, Palpu: Fic. 37, Ster: 
38, Chelcera Fic. 39, Ventri anal plate. 


Leg IN 


Male.—Unknown 

Type locality.-Female holotype and two female 
paratypes taken on Paria eggs on strawberry on 
June 4, 1953, at Morgan Hill, California.” It ts 
probable, but not known, that they were actually 
feeding on the eggs of Paria. Four female 
paratvpes taken on strawberries on August 12, 
1952, at Soquel, Santa Cruz County, California. 
Female holotype and two’ female paratypes 
deposited in U.S. National Museum. Additional 
pari pd s are also deposited in the collection of 
the California Insect Survey. 

Remarks. This species is quite similar to an 





1S} Kennett:  Predactous 
undeseribed Wustrated by McGregor 
(1956, p. 82). It differs in several minor res} 

when compared to McGregor’s tlustrations. 

has been recovered on only two 
strawberry, both times by W. W 
Department T Entomology and 


University ef California 


spree tes 


1 : 
CC anit 


° 
ehlesg) Os 


Disa * ores 
Paras: CHO 


Garmania bulbicola (OQudermans? 
Typhlodromus vulbicolus Oudemans, 1920, Ent 
S16): PS te 
Garmasnia bulbicola, Nesbitt, 1951, Zool 


Nat Hist Le iden Ne 12. 46 17, Pl 


Bertehten 


Verh. Rigksmu 

AX 

strawberry tn 

California but apparently ts well 
‘olleetions have been 

south and the Santa ( 
Nothing ts known of 

It has been taken 


) from plants tnfested 


central dis- 
tribute ad 
Santa Maria in the 
Valk VY in 
feeding habits on 


tn the summer months 


° 
taken 


the north 
strawberry 
(July 


mite and alse in winter (January) 


with evelamen 
when ne mite host was apparent 

Comparisons of Oudemans’ original desertption 
and drawings (Nesbitt, 1951) 


ns from strawberry agree tn 


with mounted 
mast re Spee ts 
aspects et the T1N¢ a and movable digits 
wheerae agree exact tly ‘| he dorsal setal 
pattern and number However, 
Oudemans’ drawings tlustrating the. venter, 
tnterseutal air) ar 


than 3: 


: 
also agree 


apparently 
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THE SUBFAMILY SALDOIDINAE (HEMIPTERA: SALDIDAE)' 


CARL J. DRAKE? anp HAROLD C. CHAPMAN? - 


ABSTRACT 


The three known spec ies of Sa/doida are described and 
figured, their habitats and habits discussed, and 
techniques are given for collecting these very agile shore 
bugs. S. slossont Osh.) ranges 
in the coastal: states from New Jersey to Florida and 


are 


slossonae Osborn ¢ = 


The genus Saldoida Osborn (1901: 181) was 
established to receive two new species, S. slossont 
and SS. cornuta, each originally eharacterizéd from 
a single, brachypterous female taken in Florida. 
Several years later, Reuter (1912: 23) created a 
new subfamily, Saldoidinae, for reception of the 
genus, and at that time designated S. slossont 
Osborn as the generic type. In the same paper 
Reuter also confirmed the status of the Oriental 
Saldoida armata Horvath (1911: 334) as a valid 
member of the genus. S. slossont wileyi Hunger- 
ford (1922: 17), from Texas, was suppressed by 
Usinger (1945: 117) as falling within the limits 
of specific variation ef the typical form of 
S. slossoni. The only ether species thus far 
described, S. bakeri Poppius (1914: 52), from the 
Philippines, was synonymized with S. armata by 
Drake and Maa (1954: 265). 

The subfamily Saldoidinae Reuter, although 
Nearctic and Oriental in distribution, comprises 
only the: single genus Saldoida, which possesses 
very distinctive generic and specific facies. 
genus is composed of but three species of shore 
bugs which, as shown in the illustrations, are 
similar in form, size, and habitus, and are richly 
colored, with prominent markings. All dwell in 
somewhat similar ecologic types of semiaquatic 
habitats. However, the structural differences 
between species are remarkably: distinctive for 
shore bugs, and no two species are alike in color 
and markings. Owing to their unusual agility, 
small size, special 
secretive habits, these species © received scant 
attention for decades from both general collectors 
and hemipterists. During the past few years a 
few entomologists have paid special attention to 
Saldoida, and both sexes as well as both brachyp- 
terous and macropterous forms, of all three 
species, are now represented ‘in several collections. 

Usinger (1945: 116) taised a question whether 
or not the subfamily status of Saldoidinae is 
justifiable, but gave no reasons for leaving the 
taxon in an indefinite status. A decade later, 
China and Miller (1955:-256) omitted, without 
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The- 


ypes of habitats, and very . 


Texas, S. cornuta Osb. from Florida to Misstsstppt, while 
the Oriental S. armata Horvath ts known from Taiwan 
(Formosa), the Phillippines, and India. Subfamily 
status as Saldoidinae Reuter ts recognized for these 


species. 


comment, the Saldoidinae in their check-lst- of 
family and subfamily names in  Hemiptera- 
Heteroptera of the world The present writers 
are in concordance with Reuter’s higher taxa of ” 
the family Saldidae, for the reasons that tollow 
The subfamily Saldoidinae Reuter can be 
separated from the Saldinae Costa (the only other . 
subfamily of Saldidae) by the following combina- 
tion of characters: (1) Vertex narrower across 
ocelli than the width of an (2) Head not 
inserted into pronotum quite up to eves, but with 
a short neck which slightly removes hind margins 
from anterior margin of pronotum; 
(3) Pronotum only slightly wider across front 
‘margin than width of neck, and with lateral 
margins narrowly ecarinate (not explanate) and 
gradually converging anteriorly; (4) Anterior lobe 
of pronotum adorned with a pair (141) of 
extremely large, upright, conical or subconteal, 
pyramidal structures; (5) Hemelytra together 
convexly without 


Cyc. 


ot eves 


tectiform in repose; corium 
cells (fig. 1f), with only a median, unbranched, 
longitudinal vein which evanesces apically before 
reaching the membrane. : 

In comparison with members of the Saldinae, 
the species of Saldoidinae so far described are all 
richly colored and have highly.contrasting mark- 
ings, especially on the hemelytra and the antennae. 
Although a general color pattern characterizes 
each species, specimens of the same species varv 
somewhat in coloration and no two individuals 
are exactly alike. On examining a long series of 
specimens of a single species, such as Saldoida 
slossonae,* it was quite patent that color variations 
grade into one another and thus do not form 
subspecies or color varieties. 

Genus Saldoida Osborn 
Osborn 1901: 181; Slosson 1908: 424; Reuter 

1912: 23: Van Duzee 1916: 51, 1917: 447; Hungerford 

1920: 78, 1922: 64; Blatchlev 1926: 1017; Usinger 1945: 
116-18; Drake and Hoberlandt 1951: 12 


Saldoida 


Small, oblong or oblong-ovate, brachypterous 
or macropterous. Head wide, strongly declivitous 
in front of eves, with three pairs (1+1) of very 
long, erect hairs; vertex not as wide across ocelli 
as width of an eye; eves very large, prominent, - 

‘Under the present Rules, this specific name must be 


given a feminine ending. The species was named in 
honor of its first collector, Mrs. Annie Trumbull Slessen, 
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beset with a few short, bristly hairs, behind not 
in contact with fore margin of pronotum, ¢: 

eve distinctly, concavely notched within, a htt! 
in front of hind margin; ocell: small, paired, 
placed between the eves, only slightly elevated, 
approximate, separated trom each other by less 
than half the diameter of one of them, each 
with its superior face sloping obliquely outward; 
buceulae well developed, not extending anteriorly 
as far as apex of elypeus; labrum and anteclypeus 
prominent; neck short, very little inserted 


at “ecew 


Fie. t.—Saldoida slossonae Osborn: a. male | 
d, labium, ¢. pegs of third 1 


prothorax. Labium (fig. Id) very long, . four- 
segmented (though often stated otherwise), moder- 
ately curved downward at base only, not Iving 
in repose against head or prosternum, extending 
between or slightly beyond hind coxac, segments 
1 and 2 verv short, 3 verv long, distinctly tapering 
apically, almost three times as long as 4. Antennae 
moderately long, stout, . segment 3 strongly 
inerassate, 4 less swollen. 


The Subfamily Saldoidinae 


: 
; 


perhaps obsolete 


lemelvtra 
} 


ee ee 
emoboonum, 


commissur elearlv 


ey Maha 
livided into 


distinet, <« 
(inner and outer cori 


longitudinal 
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before reaching the membrane; membrane with 
four long, Brachypterous form with 
membrane abbreviated, mostly opaque, the cells 
thus shortened, sometimes not visible, often with 
only the apical parts of two or three cells distin- 
guishable. Second pair of wings greatly reduced 
or entirely in brachyptery, but fully 
developed, only a little shorter than hemelvtra, 
in macroptery. Spiracles paired, ventral, situated 
close to the outer margin of abdominal ventrités 
2 through 6. Male genital segments and para- 
meres as in illustrations (fig. la and 16). Female 

large, provided apically 
Legs pagiopodous, rather 


closed cells. 


absent in 
? 


ovipositor moderately 
with teeth 
slender, , the hind pair longest, adapted for 


ee 
cutting 
] , y 
hOnYy 


Fic. 2 
Saldoida armata 


Lateral aspect ef head and pronotum: «@, 
Horvath; 6, S. slossonae Osborn; S 


cornuta Osborn. 


leaping or jumping; all tats: three-segmented, 
first segment very short, third segment with a 
pair of apical claws, without arolia. 

Type species, Saldoida slossonae Osborn (figs. 
1, 26, and 3) 


The fourth and fifth instar nymphs of all three 


Annals Entomological Society of America 


-otten 
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1S 


* 
woe 
“be 


described species have been studied (tig. 
lg) of only S. slossonae have been seen 

As in the subfamily Saldinae, the inferior ‘side 
of the median longitudinal vein ts provided with 
a concave, subbasal notch in macropterous and 
brachypterous forms of both sexes. The peghke 
structures (fig. le) are paired, found only in the 
male, situated on the upper part of the anterior 
tace otf the third connexival segments, and 
directed cephalad eno 

The members of this genus inhabit faverable 
Situations in low, permanently wet, secluded 
areas . near the lakes, ponds, boys, 
swamps, marshes, and roadside and 
drainage ditches. Hussey, tn personal corre-- 
spondence, states that he found Saldotda tn mid 
winter near Lakeland, Florida, among sparse 
grasses and sundews in @ pasture standing a tew 
feet above and 50 vards distant from a small 
lake; and Mrs. Slosson (1908: 424) commented on: 
the presence of sundews in the habitats where she 
found Saldoida. On 
have also been taken in saline habitats adjoming 


she res of 


streams, 


a few oceasions specimens 


salt marshes 

Almost all of our specimens were collected in 
permanently wet meadows near bodies of water 
by erawling slowly al hands and knees, 


earefully pressing down and parting the grasses, 


ony of 


examining mosses, and watching for movements 
ot the bugs, espee tally their white-banded anten- 
nae. As soon-as an individual was seen, carbon 
tetrachloride was sprayed on it from a De Vilbiss 
atomizer, and the specimen was then picked up 
with the fingers and placed ina vial of alcohol 
Hussey has used the same collecting technique, 
but prefers to sprav with ethvl acetate which 
leaves the specimens relaxed 
A keen c\ 
adversion to a soaking in muddy waters are some 
of the attributes essential for collecting Saldoida 
Sweeping with an insect net ts usually fruitless 
Hand collecting is fairly successful, though 1 
results in) many damaged 
Perhaps the most difficult and time-consuming 
part of collecting 1s to tind the tirst Saldoida so 
as to ascertain definitely that they are present 
im the habitat. : 


ve, patience, old clothes, and a nen- 


specimens 


Kev ro THe SPeeres or SALDOIDA 
Paired tubercles of anterior pronet lobe moderately 
stout, extremely tall, longer than de pth of an eve, 
distally eurving backward and tapering te an 
acute point. Oriental, (Figs. 2a and 5) 
S. armata Horvath 
Pronotal tubercles extremely stout, conical, erect, 
not bent backward * horter than vertical 
diameter of an eve. Nearctx (Figs. 2b, 2c, 3, 
and 4) , Z 
Paired tubercles of pronotum black; apenr of seutel 
lum searcely swollen (Figs. 2¢ and 4) 
: S. cornuta Osborn 
Pronotal tubercles brownish testaceous or ochrace 
ous, sometimes darker; scutellum swollen distally 
so as to form an apical protuberance (Figs. 2/ 
and 3) S. slossonae ()sborn 
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Saldoida slossonae, new emendation 
Figs. 1, 2b, and 3 
mi Osborn 101: ISL; Hungertord 1920 
1017, Usinger 1945: 17 
icropterous or brachs 
Color and =o mark:: gs variable. Gene 
vertex blac k, as i 
pronetum (exeept 
vn pyramidal 
tellum (except brownish or ochraceous ay 
protuberance}. Hemelytra brownish ochraceous 
with whit: larking s il rated (fig. 3), 


sparsely cloth ! e blackish 


brow nish | ochraceous 


T. 
bbe 
ry 


{ 
. 0 7 
; segm 1, apex of 2, and 


but base whitish or whitish testaceous, 
nt 3 stron vollen, brownish ochraceous 
! 


. eK 
TUSCOUS, 


(macropterous) 3.06. 


hout vest: 


etfs less 
Ivtra 
bud 
abdomes 


ry 


} . 
ete esas een 


Seeond it et wings 1 ong, 
hemelytra, in macroptery 


brachvpterv. Mal 


mere as in figures Ta ane 


Type (bra hyvpterous 


Florid: 


Distribution. Frvoripa: Punta Gorda, Bellearr, 
Biseavne Bay, Coronado Beach, Dunedin, Lake 
Plac 1d, ¢ ietar do, Lake land, Clermont, Prrie Castle, 
Christmas, Maitland, and Titusville. Muississiprt 
Ocean Springs and Columbus. Texas: Big 

indv Beach, East! land County. GEORGIA: Stene 
Mountain (near Atlanta) Vine INIA: Norfolk, 
Cape Henry, Dismal Swamp, and Lake a. 
mond. New JERsSEV: Tuckahoe and Helm 
This is by. far. the more widely tee rsed an 
more common of the American mem 
xenus Searcels 10 percent et the 
examined had fully developed - heme 
funetional 
trom New Jersey were brachypterous or, at n 
submacropterous 

Near Helmetta, New Jerses ‘ It) specimens were 
collected on four trips tn Septe ‘mober and October, 
1957, 1m sph: wnum along the edge ot a tk "y 
adjacent to woodland; sphagnum mosses were by 


far the most’ common plants in the bog. Other 


3 . 
’ . 
Ivtra 


wings, and all of the specimens 
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semiuaquatic Hemiptera taken at the same time, 
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numerous times, the pairs coupling side by side 
for an average period of about 8 minutes. 
Numerous eggs were deposited between the 
layers of toweling paper, but only two were laid 
on the sphagnum. During a period of 4 months, 
none of the eggs hatched in the laboratory. <A 
freshly laid egg is illustrated (fig. 1g). 


Saldoida cornuta Osborn 
(Figs. 2c and 4 

Saldoida cornuta Osborn 1901: 102; Hungerford 1920: 72; 

Blatchley 1926: 1018; Usingér 1945: 117. 
Small; macré6pterous and brachypterous. Color 
nd markings variable. Dorsal surface of 
hemelytra sparsely provided with short, erect, 
blackish hairs. Head, pronotum, and scutellum 


Saldoida cornuta Osborn: brachypterous female. 
black or largely so, 
pressed, whitish hairs. 


Be 


pronotum with short, 
Antennae with segments 
and 4 largely whitish or whitish testaceous, 

3 strongly swollen, black or brownish black. 
Scutellum depressed, minutely roughened.  Pro- 
notum with posterolateral angles somewhat 
produced, angulate or subangulate, slightly 
turned upward; dorsal surface of front lobe 
elevated so as to form a pair (1+1) of enormous, 
pyramidal structures (fig. 4). Hemelytra 
brownish ochraceous, with pale 


erect, 
largely opaque, 


Annals Entomological Society of 


ap: 


-of two or 


(brachypterous female): 


America 


[Vol. 51 


markings arranged as shown in figure 2; membrane 
of brachypterous form abbreviated, largely 
opaque, with only apices of two or three reduced 
cells visible; membrane of macropterous form 
well deve Joped, only its phe part opaque, with 
the four long, closed cells plainly evident. Wings 
greatly reduced or absent in brachyptery, nearly 
hemelytra in macroptery. 
brownish or infuscated, basal part of femora and 
coxae whitish. Length (brachypterous) 2.5-2.9 
mm., (macropterous) 3.0-3.2 mm. 

Type (brachypterous female): Florida, in 
collection of Ohio State University. A brac hyp- 
terous female from Ocean Springs, Mississippi, 1s 
figured (fig. 4). 

Distribution.--FLORIDA: 
eayne Bay, Belleair, Lake 
Orlando. MIssIssiprl: 
Springs é 

The specimens of Saldoida cornuta were almost 
all taken on low, wet 
roadside ditches, and sawgrass marshes, and on ° 
one oceasion only this species was found in the 
saline habitat of a salt marsh. Labels show the 
collecting dates in Florida as the months of 
January, February, March,- June, and July. 
Other semiaquatic Hemiptera often seen in the _ 
same habitats with S. cornuta were Ochterus 
americanus (Uhl.) and > Gelastocoris  oculatus 
(Fabr.), and the wetland chigger, FE. splendens, 
occurred there in abundance. Ants were 
common, but neither saldids nor ants seemed to 
be concerned about one another 

On only two oceasions, at Maitland and at 
Christmas, Florida, were S. cornuta and SS, 
slossonae collected together in the same place. 


as long as Leys 


Bis- 
and 
Ocean 


— Gorda, 
P lacid Maitland, 


Columbus and 


shores of lakes, ponds, 


alse 


Saldoida armata Horvath 
‘ (Pigs. 2a and 
Saldoida armata Horvath 1911: 334, 2 figs.; U 
117; Drake and Maa 1954: 264 
Saldoida bakert Poppius 1914: 52; Bergroth 
Us inger 1945: 117; Drake and Viado 1952: 3380 


singer 1445: 


1918: 124; 


Color and markings quite variable. Dorsal 
surface furnished with sparse, rather short, erect, 
blackish hairs. General color pale ochraceous or 
ochraceous, with most of head, usuallv hind lobe | 
of pronotum, and seutellum black; hemelvtra 
opaque, with pale spots as depicted in figure 5. 
Legs femora brownish. Antennae 
pubescent; apices of segments | and 2 whitish 
testaceous and most of segment 4 whitish, 
incrassate, brownish ochraceous 
form with membrane greatly 
reduced, mostly opaque, with only apical parts ° 
three cells discernible; macropterous 
form with only basal part of membrane opaque 
and with four long, closed cells visible. Length 
(brachypterous) 2.5-3.1 mm., (macropterous 3.5 
mm. : s 

Type 


testaceous, 


segment 3 


Brachypterous 


male) 
Takao, 


and allotvpe 
Fe yrmosa, de- 


(brachyy yterous 
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posited in the Hungarian National Museum but 
probably lost in the fire which destroved much of 
that museum in 1956. A macropterous female 
from Makiling, Luzon, Philippine Islands, is 
figured S. Nati seum; and 
Distribution -Cuina: ‘Taiwan.  Puiiprtnti Snyder for h ein ing with spect 
Istanps: Makthng, Les Banos, and Lucena. er! 
INDIA: Cantonmen and Dehra Dun. Specimens 
trom all of these localities have been examined. REFERENCES ¢ 
, Barber, H. G. 1914. Inseets of Flo 
Bull. Amer. Mus at. Hist 
(Bott ildoida rita Ost 
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Blatchley, W. S. 1926. Hetero; 
It 2 1 
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family and cubtar names in Her 
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numerous times, the pairs coupling side by side 
for an average period of about 8 minutes. 
Numerous eggs were deposited between the 
lavers of toweling paper, but only two were laid 
on the sphagnum. During a period of 4 months, 
none of the eggs hatched in the laboratory. A 
freshly laid egg is illustrated (fig. 1g). 


Saldoida cornuta Osborn 

(Figs. 2c and 4 ; 

Saldoida cornuta Osborn 1901: 102; Hungerford 1920: 72; 
- Blatchley 1926: 1018; Usinger 1945: 117. 

Small; macropterous and brachypterous. Color 
and markings variable. Dorsal surface of 
hemelytra sparsely provided with short, erect, 
blackish hairs. Head, pronotum, and scutellum 


Fic. 4.—Saldoida cornuta Osborn: brachypterous female. 
black or largely so, pronotum with short, ap- 
pressed, whitish hairs. Antennae with segments 
1, 2, and 4 largely whitish or whitish testaceous, 
3 strongly swollen, black or brownish. black. 
Scutellum depressed, minutely roughened. Pro- 
notum with posterolateral angles somewhat 
produced, angulate or subangulate, slightly 
turned upward; dorsal surface of front lobe 
elevated so as to form a pair (1+1) of enormous, 
erect, pyramidal structures (fig. 4). Hemelytra 
largely opaque, brownish ochraceous, with pale 
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ochraceous, with most of head, 


[Vol. 51 


markings arranged as shown tn figure 2; membrane 
of brachypterous form abbreviated, largely 
opaque, with only apices of two or three reduced ° 
cells visible; membrane of macropterous form 
well developed, only its basal part opaque, with 
the four long, closed cells plainly evident. Wings 
greatly reduced or absent in brachyptery, nearly 
as long as hemelytra im = macroptery. Legs 
brownish or infuscated, basal part of femora and 
coxae whitish. Length (brachypterous) 2.5-2.) 
mm., (macropterous) 3.0-3.2 mm. . 
Type (brachypterous female): Florida, in 
collection of Ohio State University. A brachyp- 
terous female from Ocean Springs, Mississippi, 1s 
figured (fig. 4). “ 
Distribution Fiorwa: Punta Gorda, Bis- 
cayne Bay, Belleair, Lake Placid, Maitland, and 
Orlando. Mississippi: Columbus and Ocean 
Springs 
The specimens of Saldoida cornuta were almost 
all taken on low, wet shores of lakes, ponds, 


‘roadside ditches, and sawgrass marshes, and on 


one oceasion only this species was found in the 
saline habitat of a salt marsh. Labels show the 
collecting dates in Florida as the months of 
January, February, March, June, and July. 
Other semiaquatic Hemiptera often seen im the 
same habitats with S. cornuta were Ochterus 
americanus (Uhl.) and Gelastocoris  oculatus 
(Fabr.), and, the wetland chigger, E. splendens, 
occurred there in abundance. Ants were also 
common, but neither saldids nor ants seemed to 
be concerned about one another 

On only two occasions, at Maitland and at 
Christmas, Florida, were SS. cornuta and S. 
slossonae collected together in the same place 


Saldoida armata Horvath 
(Figs 
Saldoida armata Horvath 1911: 334, 
117; Drake and Maa 1954: 264 
Saldoida bakeri Poppius 1914: 52; Bergroth 
Usinger 1945: 117; Drake and Viado 1952: 339 


2a and 5 


2 figs 


3 Usinger 1945: 


IOIS: 124, 


Color and markings quite variable. Dorsal 
surface furnished with sparse, rather short, erect, 
blackish hairs. General color pale. ochraceous or 
usually hind lobe 
of pronotum, and seutellum black; hemelvtra 
opaque, with pale spots as depicted in figure 5. 
Legs femora brownish. Antennae 
pubescent; apices of segments 1 and 2 whitish 
and most of segment 4 whitish, 
segment 3% incrassate, brownish ochraceous. 
Brachypterous form with membrane greatly 
reduced, mostly opaque, with only apical parts 
of two or three cells discernible; macropterous 
form with only basal part of membrane opaque 
and with four long, closed cells visible. Length 
(brachypterous) 2.5-3.1 mm., (macropterous 3.5 
mm. 

Type. (brachypterous male) and allotype 
(brachypterous female): Takao, Formosa, de- 


testaceous, 


testaceous 
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posited in the Hungarian National Museum but 
probably lost in the fire which destroved much of 
that museum in 1956. A macropterous female 
from Makiling, Luzon, Philippine Islands, is 
figured 

Distribution Cina: Tarwan. — PHiuiprinr 
Isuanps: Makiling, Les Banos, and Lucena. 
INDIA: Cantonmen and Dehra Dun. Specimens 
trom all of these localities have been examined. 


f c 


t 


Pia. 5. Saldotdaarmata Worvath: macropterous female 


Horvath’s original deseription included two 
excellent figures of one of the type specimens 
Bergroth commented that S. armata is ditheult 
te catch because of its rapid mevements 
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ABSTRACT 


The iris whitefly, Aleyrodes spiracoides Quaint., oceurs 
lifornta to British Columbia. It feeds 
several ot 
especially otato—are of economic importance. 
At Yakima, Wash., adults become active in March and 
under way on hardy plants by the first 
Populations steadily increase on favored 
lL August or September. About five 


ern Ca 
ipon approximately 50 species ot plants. 


irom soutl 
1 
whicl 


propagation 1s 
part of May 
host plants 


hos until 


{ Alevrodes 
potato 


Infestations of the iris whitefly 
spiraeoides Quaint.) were found on 
(Solanum tuberosum 1..) in the Yakima Valley of 
Washington in 1941 (Landis and Getzendaner 
1947). It had not been reeorded previously from 
potato, nor had it been observed north of Cali- 
fornia, where it had beerr known te infest nursery 
stock and ornamental plants for many years 
(Penney 1922, Essig 1926). It was observed in 
the potato-growing district ef Klamath Falls, 
Oregon, in 1945 and in southern British Columbia 
in 1950. The persistence of infestations at 
Yakima seemed to warrant investigations on the 
potentialities of this whitefly as a pest of potatoes 
in the Northwest; so studies were conducted, 
chiefly at Yakima, from 1942 to 1957. 

The iris whitefly is generally distributed in the 
Pacific Northwest, and intermittent surveys made 
to 1957 showed the insect to be present in all 
important potato-growing areas, particularly in 
the following counties: 

Was] 

Adams 

Benton 

Douglas 

Franklin 

Garfield 

Grant 

Island 

Kittitas 

Klickitat 

Skamania 

Whatcom 

Yakima 


Idahe 
Benewah 
Bingham 
Bonner 
Boundary 
Canyon 
Caribou 
Kootenat 
Lewis 
Minidoka 
Nez Perce 


Pavette 


Oregon 
Baker 
Klamath 
Umatilla 


Unien 


imeton 
Mmyionm 


HOST PLANTS 

Various herbaceous and woody plants serve as 
hosts for the iris whitefly, and many become more 
heavily infested than iris. It is a principal, but 
not the most important, pest of asters in southern 
California (Jefferson and Eads 1952), and the 
populations remain eonstant from spring until 
fall. In the San_Francisce Bay area Essig and 
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generations a vear 
ing 21 to 45 days Trial 
T. vaporarium (Westw.) al 
Washington and western Idaho, re 
mature stages of A. spi 


= . : : . 
attacked bv the predator Geocorts pallens otal 


ite per 


eooceur «a pota 
peetr ely 
' 


avodes and 1 


parasite Encarsia coquilletti How 


Hoskins (1934) found that the ints whitefly was 


not destructive to cultivated ints until fall 

In the arid regions of Washington and Oregon 
a wild iris, /ris missouriensis Nutt.. 18 an impor- 
tant host for the maintenance and spread et the 
insect, since it grows along all the streams and 
the stands are more permanent than most other 
hosts. In the conifer forest belt of northern 
Washington and Idaho the thimbleberry assumes 
the role ot principal host and assists the spre ad ot 


the insect from one agncultural area to another 


The plants on which the authors have observed 
the iris whitefly breeding in the Pacitie Northwest 
are listed below 

Alfalfa (Medicage satii 

Aster, China (Callistep “ 

Balsam, garden (/mpatiens balsamina 1. 

Bindweed, tield j 

Bittersweet, European (Salanum dulcamava I. 

Bleeding heart (Dicentra spectadilis De 

Catnip (Ne peta eataria # 

Celery (A pram graveolens L 

Clover, red (Trifolium pratems 

Columbine, IY irden (Aquile gia 

Dahlia (Dahlia variahilis Dest 

Dandelion (Taraxacum officinale Weber 

Gladiolus (Gladiolus edulis Bure} 

Groundcherry, Mexican (Physalis inocarpa Bret 

Hollyvhock (Altheae officinalis 1 

Honevlocust, acanthos |. 

Honevsuckle (Lonicera involucrata Bank 

Iris, wild (/ris missouriensis Nutt 

Iris, cultivated (/ris germanica lL. 

Larkspur (Delphinium hybridum 

Lettuce, wild (Lactuca pulchella DC 

Mallow, round-leaved (Maloa rotund 

Peas (Pisum sativum 1. 

Petunia (Petunia axillaris (Lam.) BSP 

Plantain, broad-leaved (Plantage wiajoer IL. 

Potato (Solanum tuberosum 1. 

Rose, eultivated (Rosa Pp 

Rutabaga (Brassica campestris L 
PALE CWLaSuS Miechs 


is chimensta 


Convolvulus arvensis tL 


common (Gleditsia 


’ 
, : 
oelad is,. 


Snowberry (Sym phoricar pos 
Sow thistle (Sonchus oleraceous LL 

Spiraea (Spiraea prunifolia Sieb. & Zuce.> 
Squash (Cucurbita pepo L. 

Strawberry (Fragaria chiloensis (1. 
Sunflower (//elianthus annuus L 

Sweetgrass (Anthoxanthum odoratum 1.3 
Thimbleberry (Rubus parviflorus Nutt 
Thistle, Canadian (Cirsium arvense Seop 
Tomato (Lye opersicum esculentum Mill 
Tobacco, cultivated (Nicotiana tabacum 1..+ 


Willow (Salix cordara Muh!l.), 





TOSS ; Landis et. al.z 


The ris whitefly has been observed breeding 
on several other plants in the Southwest. Essig 
(19260) reported it to be an important pest of 
fuchsia and collected it ray Duchke ve, wid 
honevsuckle, cultivated morning-glory, ninebark, 
and wild tobacce. Penney (1922) found it on 
“Asclepias sp.. Ceanothus sp. Hypertcum andro- 
saemum 1... Melaleuca hvpericifolia 5S 
Solanum douglasit Dunal, and Troxvimon sp. 


DAMAGH 
Smith (1927) found that a species of whitefly 
Was one of the vectors of potate meosate. Since 
leaf roll, another virus disease, 1s a serious 
problem on potatoes in the Pacitie Northwest, 
the iris whitefly was suspected. However, exten- 
sive tests made by Klostermever (1953) indicated 
that the adults were net able te transmit the 


toes 


leat-roll disease te pota 

Tremendous populations of larvae 
ean develop on potatoes 1.000 eggs rm counted 
en a single leaflet. (Landis and zendaner 
1947)— and the vield can unquestionably be 
reduced by their feeding In July . 7950 nd 
1951, ‘at’ Elle nsburg and in st. 1953. at 
Grandview, Wash., the le: f Russet Burbank 
potato plants growing 1 1 fields’ were 
obse rved to be glazed with honevae produced 
by the white fly larvae Atte mpts to verity the 


eoneclusions that heavy infestations. reduced 


vields .of potatoes during 2? 
beeause iphids entered the 
eages used in confining the wl 


CAVES Use dias checks 


LIFE HISTORY AND DESCRIPTION 


The ints whitefly is verv prolific, but 


heavy mortality ef the newly hatehed larvae anc 
the adults are easily killed by rain or heavy dew 
However, enormous numbers usually appear in 
central Washington, probably because of the 


’ 


early start of adult activity in the 
long period of warm, drv weather 
the variety of alternate host plants 

The adults are white except for small parts of 
the bodv and two faint spots on ea h outer 
wing (fig. 1), which are grav. Thev are con- 
spicuous when in flight or at rest. Ordinarily 
they fly sluggishly, but when disturbed they may 
rise swiftly into the air, change the course of their 
flight every foot or two, and finally dart beneath 
leaves or other cover out of sight 

At Yakima only adults have been found alive 
out of doors at the end of winter, presumably 
because egg-laying stops in November and all 
tndividuals become adults betore spring n the 
winter, groups ean be found on the under side 
of hardy plants, particularly near buildings or im 
other protected places, and some in dry plant 
litter. They make short flights on sunny davs 
in winter and, in fact, have been observed in 
flight each month of the vear. On December 1, 
1953, adults were observed in flight, and 25 were 
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beaks into the leaf tissue of the host plant, and 
remain in a fixed position until the adults emerge. 
As the larvae feed and grow, they become more 
opaque. The pupae resemble the larvae but 
are more oval and whitish, and the two pink eves 
of the developing adult may be seen through the 
integument. Ordinarily, the pupal stage is not 
present on potatoes at 
June, and the first adults are produced on the 
crop in July. Thereafter, a.generation a month 
may be produced until cold weather slows down 


- growt h processes. 


Fic. 2.—Larva of the iris whitefly 


REARING EXPERIMENTS 

Iris whiteflies were reared in cages in an 
outdoor insectary at Yakima from August to 
November, 1948. The most satisfactory cage 
was a glass cylinder % x %. inch, on one end of 
which was glued a piece of muslin. The eage 
was held on the leaf of a host plant with a rubber 
band. A washer-shaped piece of felt was placed 
between the leaf and the open end of the eylinder. 
Groups of four to seven adults were collected 
from stock rearing cages with a suction bottle and 
placed in each cage. All the adults used were 
less than 24 hours old.. Gladiolus, aster, and 
potato were used as hosts. 

Starting in August, 30 adult whiteflies were 
confined on leaf blades of cultivated iris for 
nearly 2 months, but no eggs were laid. 
the same period, however, 20 adults were reared 
to maturity on gladiolus. On this host the 
shortest period from egg to adult was 32 days, 
although some individuals required 45 davs. 
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Yakima until after mid--: 


July ‘ is 


During - 


(Vol. 51 


On aster this period ranged from 21 to 44 davs, 
and on potato it was approximately the same, 
but a few more adults were produced than on 
either gladiolus or aster. 


SEASONAL POPULATION TRENDS ON POTATOES 

At Yakima only adults and eggs were found | 
in potato fields until about June 1. The first 
larvae hatch about June 15, and newly emerged 
adults appear about July 1.) The gradual change 
in proportional numbers of the various immature 
stages on early-crop plantings is shown in table I 
The same trend occurs on later plantings until 
frost kills the plants, usually in October 

The long growing season at Yakima 1s not the 
only reason for the large numbers of whiteflies 
on potatoes, since heavy populations develop on 
this crop at Ellensburg where the season is much - 


_ TaBLe t.—Number of immature tris whiteflies per 50 
compound leaves ef Russet Burbank potatoe 
planted at Yakima, Wash., March 25, 1952 


Sampling 


Period Egy: Larvae Pupae 


May 20-23 a} 0 0 
27-30 0 0 
June 1-6 50 0 
* 9-12 75 iT) 
16-20 : : 2 § : 29. 
23-27 ! oN 
30-Julv 3 3 

1d 

30 

us 

August 4-8 . ( 23 
20 : 2 


shorter. Starting on June 20, 1951, when plants 

were about: 6 inches high, 50 compound leaves 

were collected at random from each of 16 fields 

tiear Ellensburg at weekly intervals for 12 weeks, ° 
and counts were made of the immature stages of 

the whitefly on them. Unlike the early-crop 

plantings at Yakima, the infestation at Ellensburg 

developed rapidly (table 2), and populations were 

similar to those in the more heavily infested of the 

late-planted fields at Yakima 

In 1952, counts were made again at Ellensburg _ 
in 15 fields, but the counts of the larvae and ° 
pupae were kept separate (table 3). The seasonal 
increase was much the same as in 1951. The 
data indicate that relatively few pupae were 
present at any time, but this may not be entirely 
true, since only the presence of eve spots was 
used to differentiate pupae from larvae. 

In 1952, a survey was also made of the whitefly 
situation in various other potato-growing areas 
of central Washington. All fields visited were 
found to be infested. The heaviest infestations 
were found on newly irrigated lands near Moses 
Lake in the Columbia Basin Irrigation District 
(table 4). 
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SUSCEPTIBILITY OF POTATO VARIETIES 
In 1946, Landis and Getzendaner (1947) 
found that the White Rose variety of potato was 
heavily infested than Russet Burbank or 
Collections for four consecutive weeks 


less 


Sebago 


Tance 3.— Number of immature trt 
compound leaves of Russet Bu 
planted at Elle: burg, Wash 


pet oe 


Sampling 

Period Larvae 
ss 
loz 
IS2 
soo 
DAS 
2iA4 
5 
75 


July 7S 
4-15 
21-22 
28-20 

August 4-4 

Ww 

IS-10 

. Qh 

Septem! 


averaged 93 adults per 100 sweeps on White 
Rose and 835 en Russet Burbank. In a field of 
White Rose and, Sebago varieties two weekly 
collections averaged 504 adults per LOO) sweeps 
on White Rose and 5440 on Sebago. In 1952 
counts en 50-leat samples trom adjoining rows 
of Russet Burbank and Pontiac in a large field 
revealed five times as many eggs, larvae, and 
pupae present Pontiac the Russet 
Burbank leaves. 

In 1950, small replicated plots of 14 named 
varieties of potatoes were planted, and leaves 
were picked at intervals and examined for insect 
infestations. The sample taken on June 14 was 
considered typical f the nal trend of 
whitefly infestations. These data (table 5) 
showed considerable differences between the 
Varieties, 


on as on 


ot season 


OTHER WHITEFLIES ON POTATOES 


Trialeurodes abutilonea (Hald.) was first ob- 
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The greenhouse whitefly (Trialeurodes vapor- 
ariorum (Westw.) ) was collected in small numbers 
potato plants near Fruitland, Payette 
County, Idaho, on August 9, 1952. 


irom 


TABLE 5.—Number of iris whiteflies found en 150 
compound leaves of 14 varieties of potatoes: 
picke 1 and examined at Yakima, Wash . 
June 14, 1950 


Early Ohio 
Katahdin 

Doe Bay Red 
Irish Cobbler 
White Warba 
Russet Burbank 
Chippewa 
Russet Sebago 
Columbia Russet 
Pontiac 

Epicure 

Great Scot 
Bliss Triumph 
Red McClure 


NATURAL ENEMIES 

-A number of arthropods prey upon the tris 
but are not able to hold the insect in 
check in central Washington. <A_ predator, 
Geocoris pallens Stal, and a larval parasite, 
Encarsia coguilletti How., are probably its most 
important enemies (fig. 3). FE. coquillettt becomes 
noticeably active as a parasite of whiteflies in 
mid-July, and dark, at times almost black, 
parasitized host larvae are present until mid- 
November. Both the iris whitefly and Trialeu- 
rodes abutilonea are attacked by the parasite, but 
usually than 1 percent of the available 
larvae are parasitized. 


whitefly, 


less 


DISCUSSION 

The frail appearance and southern origin of the 
iris whitefly belie the great adaptability and 
rugged nature of the insect. Unlike the green- 
house whitefly with which it is occasionally 
associated, the iris whitefly winters successfully 
out of doors in the Northwest. Although the 
adults do not hibernate, exposures to sub-zero 
temperatures are not always fatal to them. In 
the summer the iris whitefly also outstrips the 
greenhouse whitefly in adaptation to field condi- 
tions and is more prolific than either the green- 
house whitefly or Trialeurodes -abutilonea. The 
iris whitefly becomes most abundant in the hot, 
low valleys of the intermountain region, where 
the microclimate of potato fields is tempered by 
irrigation. But infestations also persist many 
miles from cultivated lands, such as in the arid 
Colockum district of eastern Kittitas 
County, Washington. 

Adults of the iris whitefly are easily killed with 
any chlorinated hydrocarbon and organic phos- 


Pass 
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Fic. 3.- 


Larva of the iris whitefly parasitized by the 
braconid Encarsia coquillett. 


phore us insecticide, but the wmmature stages are 
very resistant (Gibson and Landis 1950, Landis 
and Gibson 1953), possibly beeause they are 
coated with wax. Since 
on a larger number of plants, satisfactory seasonal 
control on potatoes requires early and repeated 


the insect: propagates 


applications of insecticides direeted against the 
adults before they can deposit many of their eggs 
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THE SUBFAMILY LEPTOHYPHINAE (‘EPHEMEROPTERA: TRICORYTHIDAE): 
| PART I 
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Unever wy 


TRAVER 


NtUgse 


ABSTRACT 


’ Brref charactertzations are given of mainly 
lricorvihafer {Atrica), 


South 


and of each of 1 IX genera: 
leiorvthodes ind Leptoph vphes Nort} 

Amertca), Leptohvphodes (Brazil), Bruchella 
and the new genus Tricorythopsis, type T. artigas (Uru 
may). One other spectes, Leptohvphes mithras (Costa 


t 
new, and redesertptions based on 


ventin 
yentina ), 


. 
Rica) ts desertbed as 


The present paper ts one ef several new in press 
rin preparation which, together, will constitute 

ot the Leptohyphinae This 
udes characterizations of the subfamily 


revisional study 
, with a key to the latter; dese Mip- 
new forms, and redeseriptions from 
lof some others deseribed by earher 
a penerte re-assignment of one of 
Sse 

As constituted at present, the Leptohyphinae 
tneludes five genera. Of these, Tricerythafer 1s 
African, Tricorvihodes and Leptohyphes have been 
Tepeorte d from both the Nearetre and Ne trop al 
faunas, while Le ptohy phodes and Bruchelle 
Neotropreal ently. Tricorvthafer, Bruchella, and 
le plohy phodes are each represented by a single 
known speetes (see, however, notes under Le pte- 
hvphodes), and only males are known tor Trt- 
corvihater and Bruchella. The last-named genus 
is verv imperfectly known and mav prove to be 
synonymous with Leptohvphes. Nymphs of Tr- 
corvihedes and Leptohyphes are known alse, and 
what mav well be the nvmph of Leptohvphodes 
has been reported from Brazil (Traver, 1944) 
To these five genera is now added a sixth one, 
Pricorvthopsts, deseribed below. This new genus 

is Neotropical and ts known only from males 
The subfamily Leptohyphinae may be chiar- 
acterized as follows: (1) Tails three, in both 
sexes as far as known: (2) Hind wing absent 
except im males ef Leplohwphes and females of at 
least one species of that genus; (3) MP ot fore 
wing aot forming a complete triangle (MP: 
ending free in membrane, or yorned only by eross 
vers to MP, or CuA), this being probably what 
Demoulin (1954) refers to as ‘Ailes a triade de 
MP irréguliére’; (4) Stem of MA of fore wing 
(at least in male) considerably shorter than 
from fork to wing margin, often in 
Due to the slight but evident sexual 
shape, most noticeable in 


are 
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dimorphism in wing 
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Genitalia reminiscent of Leptohyphodes. Only the 
male 1) is known. 

Eyes of male separated by a distance at least 
three times the diameter of an Middle 
ocellus very small. Second joint of antenna 
rather large, widest at middle, slightly more than 
twice as long as basal segment. Pronotum wider 
than long, emarginate posteriorly. Fore legs set 
somewhat apart, separated by a distance slightly 
exceeding diameter of an eve, their length 
approximately four-sevenths that of a wing. 
Fore femur subequal to tarsus in length, five- 
eighths as long as tibia; tibia about one-half 
longer than tarsus; tarsal joints ranking in 
descending order as: 2, 5, 4, 3 subequal to 1. 
Hind femur equal in length to tibia, which 1s 
almost twice as long as tarsus; basal tarsal joint 
fused with apex of tibia; tarsal joints ranking 
as 5, 4 subequal to 2, 3, 1, or as 5, 4, 2 and 3 
subequal to Claws of fore legs similar, blunt; 
claws of other legs dissimilar, blunt and one 
sharp- poin ted (see figs. 2 and 10). 

Venation approaching that ef Tricorythodes but 
differing in certain important features. MA, 
usually ending blindly in the wing membrane, 
onnected by cross veins to MA;; the intercalary 
may seem to arise from MA;. Sag in stem of MA 
somewhat more pronounced than in Tricorythodes. 
IMP longer than MP: and united basally with 
CuA, forming a triangle, with .a sag in stem of 
CuA at the point of union; within this triangle 
is the short MPs, looking like an intercalary. 
Cubito-anal region resembling that of Tvricory- 
thodes in disposition ef veins, but lacking the 
pronounced lobe present in males of that genus; 
wing widest in MA-MP regions; MA seemingly 
set farther- back in disc of wing (i. e., nearer to 
posterior border) than in Tricorythodes (fig. 8). 
Short, blunt processes on either side of mesonotal 
scutellum extending somewhat beyond it, but 
not prolonged into long, thin filaments as in most 
species of Leptohyphes. 

- Abdominal segments bulging outward slightly 
between joinings, giving the lateral margins a 
scalloped appearance. Middle tail fully three 
times as jong as body; laterals shorter, about 
twice as long as body. Genitalia unique among 
described species, approaching nearest to Lepto- 
hyphodes but differing considerably from that 
genus. Basal joint of forceps rather stout, 
distinctly bowed, appearing as though fused 
partially with forceps base; second joint shorter, 
slightly stouter; distal segment conical, set 
laterally into a of second, turned outward at 
tip; forceps base bulging outward along center of 
apical margin, whereas it is excavated in this 
area in Tricorythedes. Penes rather 
narrowing toward apex and widening again 
beyond this narrow portion, excavated quite 
deeply at apex, the whole structure (fig. 6) having 
somewhat the appearance of an hourglass with the 
two halves of unequal size; in general, reminiscent 


(hg. 


eve. 


one 
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‘and on margins of scutella. 


conical, - 
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America 
of Tricorvthodes but more elongate and slender, 
the excavated apical portion much less extensive. 


Genotype: Tricorsthopsis artigas, ribed 
below. 


dese 


Tricorythopsis artigas, new species 

Synopsis.—Yellowish white (thorax with red- 
dish tinge), with reddish and black m: irkings, the 
red tending to fade out completely in specimens 
stored for some time in alcohol. Tibia of fore 
leg distinctly bowed, second tibia slightly se. 
Legs whitish, femora with either an incomplete 
subapical band or merely a short, black streak 
Abdomen pale vellowish white; markings of 
tergités variable, according to whether pale or 
darker forms are involved. Sternites unmarked 
Tails white, not darker at joinings. -Pale forms 
and darker forms, all of which have similar 
genitalia, are described separately. 

Sise.—Male imago: body 1!5 to 2 mm., 
wing 2 mm., fore leg very shghtly over | mm , 

Male imago, helotype Gn alcohol).—Inter- 
mediate in color between the palest and the 
darkest forms. Head white, shaded with black 
ventrally next to prosternum. Antennae white. 
Eves black, relatively small and remote. Ocelli 
ringed at base with black. Posterior margin of 
head, next to eve, with a very narrow, short, 
black line. , 

Prothorax translucent whitish, quite heavily 
shaded with black along all margins and on a 
narrow midline. Meso- and metanota vellowish 
to pale vellowish-brown, with black markings 
anterior and posterior to wing roots and around 
these roots, behind bases of legs on pleural region, 
Mesonotum (except 
anterior lobe) with a narrow median and with 
submedian and transverse dark streaks forming a 
median triangle, these markings probably reddish 


EXPLANATION OF PLATE 1 

Fic. 1.—Tricerythopsis artigas. Male image, dorsal 
view. At left, apical abdominal segments, enlarged 

Fic. 2 a Fore claw of male imago, enlarged. 

Fic. 3.—Leptohyphes indicator, Genitalia (in part) 
ot holotype male. : 

Fic. 4.—Tricorythafer 
type male. 

Fic. 5. 

Fic. 6 


fugitans. Genitalia of holo 
enlarged 


male 


Fore claw of holotype, 
italia of 


Same. 
Tricorythopsis artigas. .Gex 


- Imago 


Wings of male image 
Wing of male imago. 
Wing of holotype 


Leptohyphes mithras. 
Tricorythopsts arttgas. 
Tricorythafer fugitans. 


FIG. 

Fic. 

Fic. 
male. 

Fic. 10.—Tricorythopsts 
male image, with tarsi of 
leg 1; B and D, leg 3 

Fic. 11.—Leptohyphes mithras. 
(to same scale as fig. 7). , 

Fic. 12.—Same. Hind wings, enlarged: 
B, of female. . 

Fic. 13 
British Guiana). 
fig. 20 also). 


and 3 of 
A and C, 


artigas. Legs 1 
same, enlarged: 


Wings of female imago 
A, of male; 


trom 
(see 


australis . (specimen 
genitalia, lateral aspect 


Tric orythodes 


Male 
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in life,-but now faded to brownish shading. 
Thoracic sternum pale, except for narrow, dark 
shading across anterior margin of mesosternum. 
Legs yellowish white; each femur with ‘a short, 
black, Subapical, longitudinal streak on outer 
surface, second femur with another black streak 
paralleling the first one. Humeral cross vein and 
basai two-thirds ef Se and R= purplish brown, 
barely if at all margined. One or two cross veins 
faintly visible in radial space and another in space 
below it; all other veins and eross veins silvery 
white. 

Mid-abdominal segments whitish translucent, 
basal and apical ones more yellowish, opaque, 
with dark markings as follows: Posterior margins 
of all tergites except 6 and 7 narrowly blackish. 
at least laterally, widest om lateral part of segment 
t, reduced to dark submedian dots on 5; median 
dark dots on tergites 4 and 5, and on basal part 
of 6: a dark transverse band across basal part ot 
S in middle region and on 7 laterally, forming here 
a hammer-shaped mark with handle directed 
toward pleural fold; narrow dark marks below 
stigmatic area’on 5 to 8; a longitudinal black 
streak on 9, and a black streak along pleural fold 
on 7 to 9. Tails white, not darker at joinings. 
Genitalia whitish, similar to those of one of the 
other males shown in figure 6. 

Male imagos, pale forms._-Head as tn holotype. 
Thorax differing from holotype as_ follows: 
Interrupted purplish-red longitudinal streak later- 
ally on pronotum. In well-marked specimens, a 
brownish-red transverse band behind antero- 
median lobe; more posteriorly, a median reddish 
triangle with apex toward scutellum and with a 
dark red dot at each of its anterior corners (such 
may have been present on holotype before ts 
immersion in alcohol), this triangle reduced on 
some specimens to a narrow median line with a 
dot on each side. 
sternum paler; two to four black dots sometimes 
present on each side of metathorax. Black 
subapical streak often absent from third femur. 
Black dots and dashes on abdominal tergites as 
follows: a small submedian dot on each side of 
tergites 3, 4, 7, and 8, largest on 4; a tiny spiracular 
dot on 2 to 6; two such dots, one above the other, 
on 7 to 9; an interrupted median line on middle 
tergites 

Male imagos, dark forms.—Differing from pale 
forms as follows: Thorax light red-brown; meso- 
riotum with a brown median band; central areas 
of meso- and metasterna heavily shaded with 
gray. Femora usually margined with brown; 
second and third femora marked with fine dark 
dots which sometimes form a partial subapical 
band; fore tibia and tarsus pale gray. Abdominal 
markings more extensive, more as in holotype, 
with a tendency to formation of narrow dark 
bands across basal and apical tergites, these ter- 
gites likewise shaded with gray; an incomplete sec- 
ond series of dark stigmatic dots below pleural fold. 

This species is represented by 50 specimens, all 


Ganglionic areas of thoracic 
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in Hover’s modification of Berlese’s medium and 
all the others are in alcohol. These were all 
collected in Uruguay during field trips organized 
by the Departments of Zoology and Entomology 
of the Faculted de Humanidades vy Cienetas ot 
Uruguay, under the direction of Dr. Carlos S$ 
Carbonell and his coworkers 

Holotype. —Male image, in aleohel. Sepultras, 
Department of Artigas, Uruguay, January 13, 
1952, collected by Dr. C. S. Carbonell and party; 
in entomological collection of the Facultad de 
Humanidades y Ciencias of Uruguay. 

Other Specimens._-Forty-eight male 
same data as for holotype, attracted by light at 
night on bank of the Cuareim River, which forms 
part of the boundary. between Uruguay and 
Brazil; also, one male imago, Arequita, Depart- 
ment of Lavalleja, January 2, 1951, attracted 
by light at night on bank of the Rio Santa Lueta 
These specimens are divided between the enta- 
mological collection of the Facultad de Humans. 
dades y Ciencias of Uruguay and the private 
collection of J. R. Traver. | 


Images, 


Genus Bruchella Navis 

Bruchetla Navas, 1920, Anal. Soc. Cient. Argentina 

56; Demoulin, 1952, Bull. Ann. See. Ent. Belgique 

S8(11-12): 281-85 

This genus, which tneludes the single species 
B. nigra Navas, 1s most imperfectly known. 
Only the male is deseribed. Navas placed the 
genus in the family Baetidae and several others 
have followed him in this, even though recognizing 
that it was atypical for a member of that family. 
Demoulin (1952) set forth interesting. arguments 
in favor of its transfer to the family Tricoryvthidae, 
pointing out that the complete absence of marginal 
intercalaries in the fore wing to debar 
Bruchella from the family Baetidae. That portion 
of the fore wing figured by Navas bears a striking 
resemblance to the same region in the wing of 
Leptohyphes, but the hind wing does not agree as 
well. However, an imperfect specimen might 
have lost the distinctive acute portion of the 
costal angulation of the hind wing, and a fold in 
this wing may have appeared to Navas as a third 
vein. I have seen specimens of Leptohyphes trom 
Central America in which it difficult to 
imagine a third longitudinal vein in the hind 
wing. It may well be that Bruchella 1s synonv- 
mous with Leptohyphes. It 1s here retained as a’ 
genus in its own right until such time as the tvpe 
specimen can be located and studied. 

Type species: Bruchella nigra Navas, 1920. 


seems 


is not 


Genus Tricorythafer Lestage 
Caenopsis Needham, 1920, Bull. Amer. Mu: 
43:39 (name preoceupied: Bach, 1854, 
Curculionidae). 
Tricorythafer Lestage, 
Belgique 18(48): 4 
Needhamocoenis Lestage, 1945, Bull. Ann. Soc. Ent. 
Belgique 81:85; Demoulin and Edmunds, 1954, Bull. 
Ann. Soc. Ent. Belgique 90(1-2): 46-48. 


Nat. Hist 


Cole yptlera, 


1942, Bull. Mus. R. Hist. Nat. 
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Needham ’s synopsts of this genus. (as Caeno psis) 
is brief: “Allied to Caents. Tails three, middle 
one lor gest. Forceps of the male at least three- 
jointed, the third joint verv long and flexible. 
Claws dissimilar, one sharply hooked, one blunt. 
Terminal sal segment as long as the three 
basal se gments. . Wings two Venation as shown 
n Plate V, figure 3, differing from Caents in 
better preservation of typical forks and in a 
wider band of cress veins 

Needham based this genus on two specimens, 


one a male tmago and the other a nymph, both 


oy 


of which were “loosened from some place ot 
concealment” underneath the body of a stonefly 
from the Belgian Congo, when this stoneflv was 
“boiled for study.” This imago and the nymph, 
} 


he believed, belor ged to the same species and 
represented a new genus, “one closely allied to 
the cosmopolitan genus Caenis.”” However, his 
figures of the wing and genitalia of the male 
tmago indicate that the affinities of. the adult 
inseet are with Tricorvthodes and its allies rather 
with Caents, though the. nymph, from the 
igures and deseription, evidently does belong to 
he famtlv Caentdae 
‘seems to be no probability that the 
1\ mph are related, the characters 
should be based solely upon tl 
A study of the type material makes 1t 
at to the original descrip- 


tion of the tvpe species and to emend the synopsis 


’ 
e maie 


f the genus Tricorvthafer as tollows, the emenda- 


ions being based upon the adult insect only 


Allied to Tricorvthodes, but } close 


Tricorvthus. Tails three, the middle one longest 


too 


loo 


‘Genttaha bearing considerable resemblance 
those of typical members of Tricorythodes, but 
differing in respect to the numbers and appearance 
of yornt the forceps which ts apparently tour- 
jointed; basal joint short, as wide as long; second 
considerably longer than first; third only 

ghtlv swollen at base, tapering toward apex; 
an apparent fourth yomnt, much as in Tricorvthodes 
and net very similar to Needham’s figure; 
sclerotized “collar” at aper et fe reeps base like- 
wise not typical of Tricorythodes though bearing 


a superficial resemblance to that structure. Claws 


of leg I similar, blunt (see fig. 5); claws of legs 2 


and 3 dissimilar, one sharply hooked, the other 
blun Terminal tarsal segment of legs 2 and 3 
as long as the three basal segments, respectively: 
tarsal joints of leg 1 ranking as 2, 5, 4, 3, I. 
Tibia of leg | three to four times as long as the 
other tibiae. Wings two, venation quite similar 
te that of Tricorythodes. Eves of male well 
separated, as in Tricorvthodes. May be distin- 
guished from Tricorvthodes by (1) the four 
jointed forceps and (2) the greater relative length 
of the tibia of leg 1 

Type species: Tricorvthafer fugitans (Need- 
ham, 1920), deseribed in Caenopsis; represented 
by one male imago, its parts dissected and 


mounted permanently on 
University Entomological Ce 


Tricorythafer fugitans (Need! 

Caenopsts fugtians Needham, 1920, Bull. Amer 
Hist. 43: 39 
On the slide of this ts 

the head, the 

other torn mn 

thorax, both «0 

the metatt 

bases of 

thorax, t 


‘ 
free, the a 


form juite definite 
bands; some black dots oecet 
femur also; tibiae 

tibiae with black basal 

with a wide 

reddish freckles or 


black one. 
a very few 


tions of | 


ey 


Leg 3$—femur 2! 


length of 


Wing as shown in 
a reconstruction of the m 


wings; Sc margined with red 
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half; C, R, and Rs likewise brownish in 
region; a faint tinge of same eolor on membrane 
between C and Sc. Cross veins pale, except 
those behind R; which are light tan. All veins 
in cubito-anal region pale. 
wing, 445 mm. 

Abdomen pale reddish brown with black 
markings; a pale mid-dorsal line, with. black 
submedian lines present on middle tergites which 
are likewise rather heavily shaded laterally with 
blackish; lateral and sub-median areas of apical 
segments only slightly black-tinged; last segment 
with a black longitudinal streak at base of middle 
tail. A black line along pleural fold. Tails 


same 


quite dark gray at base, becoming paler beyond. 


Genitalia as in figure 4. 

Habitat: Belgian Congo. 

Since Needham’s description of the 
specimen differs considerably from the above on 
certain points, I can only’ conclude that his 
description was drawn from the specimen before 
it was cleared and mounted. 


same 


CAENINE NYMPH TAKEN WITH IMAGO 
OF Tricorythafer fugitans 

This nymph is dissected, its parts permanently 
mounted on a slide. In general appearance, as 
well as in the structure of its parts, it appears to 
be distinctly caenine. The body structures are 
so separated from one another that it is almost 
impossible now to reconcile certain discrepancies 
between the description of this nymph and the 
figure of it given by Needham. These 
crepancies concern the position of the elytroid 


dis- 


gills, the location of the succeeding pairs of gills, 
and the position of the mid-dorsal spine. This 
spine is described as located on segment 2, and 
is so shown in figure 5, plate V, of Needham’s 
paper. However, the elytroid pair of gills, 
shown also on segment 2, are said to be located 
on segment 38, covering the gills on segments 
t to 7. 

On examining Needham’s figure 5, it will be 
noticed that but nine abdominal segments are 
shown and that the elytroid gills do not extend 
back far enough to cover any gills that might 
It seems probable that 
one transverse line, between segments 3 and 4, 
was accidentally omitted from the drawing. If 
such were indeed the case, the flat lateral spines 
described as occurring on segments 4 to 9 would 
accord with the figure. Yet there still remains 
the question of the disposition of those gills 
following the elytroid pair, and of the location of 
the elytroid gills themselves. In known nymphs 
of the family Caenidae, as far as I am aware, the 
elytroid gills occur on segment 2, and cover 
the gills on segments 3 to 6. It is my belief that 
such is indeed the case in this particular nymph, 
and that the location of the elytroid and the 
following pairs of gills was inadvertently recorded 
The mouthparts, legs, claws, and 


be present on segment 7. 


incorrectly. 
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gills are quite typically caenine in appearance, 
although the elytroid gills do not se appear in the 
original figure. 

This nymph does not accord well with the 
Austrocaenis 


figure and description of ‘that of 
perhaps the 


given by Barnard (1932). Is it 
nymph of Caenodes? 


Genus Leptohyphodes Ulmer 
Le ptoh vphode s Ulme rt. 1920, Arc h Naturye 4 h 
S5A(11): 50; Ulmer, 1921, Arch. Naturgesch 
244. 


ore. 
STA(O): 


The principal characters of this genus seem 
to be the following. Hind wing lacking in both 
sexes; Structure and venation of fore wing very 
similar to that of Leptohyphes: Forceps three- 
jointed, in ventral view ‘“‘breit lanzettformig”’; 
distal joint sharp-pointed at tip, thin and leat- 
like in lateral aspect, fully twice the length of 
the two basal joints together; second joint short 
and thick, excavated at apex, the narrowed base 
of the distal joint inserted into this excavation, 
outer apical angle of second joint drawn out inte 
a point; basal joint likewise short and thick, not 
distinctly separated from the Penis 
“bildet eine breite Platte mit wulstig erhabenem 
Seitenrande und gespaltenem oder tief ausgesch 
nittenem Apex; die Verticfung 
zwischen den beiden Seitenwtilsten wird wenigs- 
tens nach dem Apex hin von einer dtinnen Haut 
so dass dann der apikale Spalt 


Eves of male large, almost 


second 
schusselartige 


tiberspannt, 
tiefer erseheint.” 
covering head. Fore leg of male long and thin, 
almost as long as body, a little shorter than 
wing; femur little more than one-third the length 
of the tibia, which in turn ts about five times 
as long as the tarsus. Leg 2 of male somewhat 
shorter than hind leg; femur about three-fourths 
the length of tibia, which 1s about four times as 
long as tarsus. Leg 3 of male almost as long as 
body; femur about as long as tibia, which 1s 
three times as long as tarsus. Claws ‘of middle 
and hind legs unlike, those of fore leg ‘‘wahr- 
scheinlich gleich (stumpf).’””. Tarsal joints of 
leg 1 of male ranking as: 2 equals 3, 5, 4, 1; of 
hind leg, 5, 4, 2,3, 1. Legs of female also slender; 
f¢ re.leg not longer than hind leg, about as long as 
middle leg. All legs rather similar in form to those 
of Leptohy phes. Tails three in both sexes, the 
middle one somewhat longer than the laterals 
Type species: Potamanthus ? tnanis Pictet. 
Besides the genotype, Ulmer also transferred 
Tricorythus australis Banks to this genus at the 
time it was founded. I have been permitted te 
examine Banks’ type material of 7. australis in 
the Museum of Comparative Zoology at Cam- 
bridge, Massachusetts, and am entirely convinced 
that this species does not belong in Leptohyphodes. 
Rather, it 1s probably an aberrant 7ricorythodes, 
and will be discussed more fully under that genus. 
Nymphs believed to be those of Le ptohy phodes 
were discussed by Traver (1944), at which time 
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’ 
“9 
snortwes 


e- 


— 


some of the parts were figured. Since then, the 
nymphs have again been studied carefully, with 
especial reference to the wing venation, which 
shows them te belong in the Leptohyphes- 
Leptohyphodes division of the subfamily Lepto- 
hyphinae The very large eves of the nearly 


mature male nymphs and the unusually long legs the mesonotal scutellum as 


mes t 


| 


t 


n both sexes, together with the type of venation — processes, in image ; 
and the complete absence of hind-wing buds, perhaps represent 
seem to indicate that these nymphs may well tures 


hi 
be those of the genus Leptohyphodes. The body Subanal plate 
et these nymphs 1s stiff-looking, the legs long, at 


{ center of apes 
the overall picture reminiscent of-such Nearetie seem 


1 
1] e 


to tall aad 


spec es { Neve phe mera, Some E phe merella) as are petersent t\ 
found dwelling among trash in fairly swift fork, eael 
waters. Claws relatively long and slender, with- — two parts n 


ne 
2 


» 


out denticles. Gills on segments 2 to 6, elvtroid jointed, 


nv. this gill having a square appearance dorsall 


et ] > 
se laterally on gment so that the elvtroid 


portions do not meet d , i\ Le wer portion et 


and al f those 
eomposed ot two or more lamellae which 
eften bear finger- 
account of this :vmph ts reserved for a 


pry er 


like processes A more det 


Genus Leptohyphes Eaton 
Leptohyphes Eaton, 1882, Ent. Mon. Mag. 18: 208; Eaton, 
ISS3, Revis. Monogr. Pl. XV. fig. 25bts. and ISS4, 
epoert. 140 ; 


Sviopsis.—_Eve f both sexes. rather small ‘ 
and remote, th f ‘ somewhat the larger Leptohyphes mithras, =x 


t 
Hind wing present m male, usually absent) in Synopsis.—Relatively few 


two longitudinal veins commonly present, ng Hind wing present 


-female 


indistinet except near base; often a shorter vein hor mewhat rou 
runs upward from base toward costal angulation 


Costal angulation on hind wing well devek 


often Ieng, slender, and more or 1 
Subimaginal cuticle apparently not ; processes extending 
‘hind wing, which ts therefore more or 1 in either sex. Genit 
and heavily fringed. Fore wing widest in r : forceps two-joint 
ef MAMP, eubite-anal area of male net forming — form, 


a prominent Tobe such as occurs in male of tively short: ge 


eyetal: 
I 


44 
he prese 


Tricorvihodes; relatively longer and narrower in se of Leplohvphodes 
both sexes than in Tricorvthodes and with more J nt 


numerous ¢ross veins whose number ranges from in Leptohvphodes as tha 
about 136 behind Ry in L. eximius: Etn. to net. presen bdomen dis 
more than 43 in same area in-.L. mithras 
CuP strongly arcuate. Legs shorter than win; 
n both sexes. Claws unlike (one sharp-pointed. 
one blunt) on all legs of female, on seeond and 
i 


le, and in some species on tore 


third legs of ma 
leg also of male; in other species, however, claws (}mm., fore wing 5 t 

on fore leg of male are similar, blunt Leg | of Vale imago, holotvpe 
male longest. leg 2 shortest. Tibia of fore leg specimens Head vers 
of male two to three times as long as femur, above. Antennae vellowis 
three to four times as long as tarsus; tarsal joints bright) reddish brown; 
ranking in descending order as: 5 subequal to 2,0 marbled with blackish 
{ subequal to 3, 1; or as 5, 4 subequal to 8 and = Mesonotal scutellum 

to 2, 1.) Tibia of leg 3 of male subequa 


very slightly shorter than femur, 2!5 t 
as long as tarsus. In female, g 3% longest, Middle region 


: 
O OFT median lobe ot 
be 


lt 
, . 
»4 times anterior lo 
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brown than lateral areas; a few indistinct darker 
Femora of legs 1 and 2 pale 
reddish brown; fore femora narrowly margined 
by a black hairline on upper and lower edges. 
Coxae of all legs bright reddish brown; trochanter 
with two tiny black dots at joining with femur. 
Fore tibia smoky; fore tarsus yellow with faint 
smoky tinge; tarsi of legs 2 and 3 vellowish; third 
femur faintly tinged with reddish brown. Fore 
femur not much more than one-half as long as 
tibia, and approximately equal length to fore 
tarsus (fig. 21, A-D). Fore leg: much shorter 
than body, only slightly longer than head and 
thorax combined. 

Relatively few veins behind R,, the 
number varying between 43 and 55 (figs. 7 and 11) 
Membrane .of fore wing very faintly tinged with 
vellow in specimens. Costal margin light 
purplish basal half, paler distally. Se 
and R in basal half, and humeral eri vein, 
purplish to reddish brown. Longitudinal veins 
(against white background) very pale reddish or 
purplish brown; Hind wing 
relatively short, usually slightly rounded at apex, 
approximately one-third as wide costal 
angulation sometimes almost straight, sometimes 
slightly arcuate; lower margin very slightly 
concave in relation to upper margin (fig. 12, A 
and B). Most of each abdominal segment,’ both 
and below, occupied by rather dark reddish 
brown distinctly 
darker than tergites; margins of both 
tergites and sternites narrowly darker; dark red 
longitudinal streaks on each sternite immediately 
below pleural fold, most prominent on muiddl 
and basal segments, interrupted at each segmental 
effect of a broken, dark, longi- 
side of abdomen. Lateral 
tergites slightly paler than middle 
area of sternite 7 with a 
patch; ganglionic 
have faint patches 
faintly tinged with 
as described in 


streaks on pleura 


CTOSS 


most 
gray in 


cTOSsS 


cTOSS veins pale 


as long; 


above 


to purplish bands; ‘sternites 


post ‘rior 


1 


margin, giving 


tudinal line along 
margins of 
areas. Ganglionic 
prominent deep orange 
preceding this one may 
Tails yellowish, sometimes 
pale reddish brown. Genitalia 
synopsis and as shown in figure 14. 

Male imagos (other specimens). 
specimens, abdomen appearing distinctly 
banded than holotype, tails usually narrowly 
darker at joinings, and thorax somewhat paler, 
likewise all femora and tibiae. Dark 
- pe aE resemble the holotype more closely 
than - pale forms; abdomen distinctly purplish 
ean ice a white background, light reddish 
brown against a black background; tails darker 
at joinings 

Female imago.—In 
well-marked males. 
eggs, deep orange to 
Sternites quite heavily 
gray. Posterior margins of 
purplish-gray to blackish, most 
middle segments. Abdomen of 


On some pale 


less 


as are 


general, quite similar to 
Abdomen, when filled with 
light wine-red in color. 
washed with purplish 
tergites narrowly 
distinct on 


a spent female 
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Amertca 


more or less uniformly grav, tinged with purplish, 
brown above and below, the between 
upper and lower surfaces much less distinet than 
in those filled with eggs. A considerable variation 
in size and in depth of color exists among these 


y+ NE 
adillerence 


females. 

Holotype. 
Rica, February, 1939, D. L 
collection of J R. Traver ‘ Alloty pe 
same data. Other specimens. Forts 
thirty-five females; same data as holotype 

In the fore leg of the male imago of Leptohy phes 
mithras the tibia is 2 to 2'4 times as long as femur, 
and 214 to 3 times as long as tarsus; in third leg 
the length of tibia 1s about 5¢ that of femur, ; 
314 times that of tarsus; the tarsal joints of 1 


5. subequal to 


Male image. Rio Pedregoso, Cesta 
In private 
Female; 


males and ; 


Rounds; 


ey 
seem to rank, in descending order, 
a 4; Ay oe Loe leg, 5, 4, 
In the female, the fore tibia is eithe 
shorter or very slightly longer than femur, and 
21 2 times i as a as tarsus, joints ranking 
1 hind leg, tibia subequal to femur 

7 3% ‘iaae as long as joints 
ranking 5, 4, 
This species appears to be a 
of the genus Leptohyphes. It 
resemblance to L. costaricdnus 
absence of membranous 
scutellum and in the relatively 
veins. However, 
numerous in mithras 
mithras having at 
while Ul figure of the 
female costaricanus (this sex alone. being known 
to date) shows not more than 20 cross veins in 
this area. Moreover, costaricanus hind 
wings in the female, and these structures are 
present in all females of mithras that have 
seen. A further difference concerns the 
tion: the abdomen of mithras 1s darker ventrally 
than dorsally, while the reverse 1s true for costart- 
canus. The proportions of leg 3 do 


3 equals 2 equals 1. 


‘rvery slightly 
1 


tarsal 


2 


OB, a. 
9 
»* 


tarsus, tarsal 
1, 2 equals 3 

n aberrant member 
he ars a ¢ onside rable 
Ulmer in the 
bevond the 
small number of 
these are considerably 
than in costaricanus, 
least 40 


] rocesses 


cross 
more 
the female of 
veins behind R, 


eross 


mer’s 
lacks 
be eT 


cok Tia 


not accord 


PLATE II 


EXPLANATION OF 


“FiG. 14.—Leptohyphes  m tala of male 
imago 
Pic. 15 Leptoh vphe s mollts Genitalia of 
male (subimaginal cuticle indicated by stippling 
Fic. 16.—Tricorythodes australis (from Britis! 
Head of male imago, dorsal 
Fic. 17 Le ptohyphe s 
male, enl irge d 
’ ‘Fic. I8 Tricoryvthodes 
Wing of male imago 
Fic. 19.—Same. Wing of female image 
Fic. 20.—Same. Genitalia of male imago ; 
Fic. 21.—Lepiohyphes mithras. Legs 1 and 3 of male 
imago, with tarsi of same, enlarged: A and C, leg 1 
(basal joints of tarsus omitted in C); B and D, leg 3 ; 
FiG. 22.—Tricorythodes australis (from Britis} 
ana). Legs | and 3 of male imago, enlarged tarsus of 
leg 1; Aand C, leg 1 B, le g 3 
Fic. 23 Leptohyphe s indicator. 
t\ pe male. 


ithras 


holoty pe 


Cruz 


¢ 


ina aspect 


indicatoy Penes of holotype 


australis (rom British Gui 


ainla 


Gut 


Hind wing of hole 
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in costaricanus the femur is somewhat 
longer than the tibia, which in turn is more than 
twice as long as the tarsus; 1n mithras the relation 
of femur and tibia is very similar, but the tibia 
is fully 324 times as the tarsus. There 
remains also the possibility that costaricanus 1s 
in reality a Tricorythodes, not a Leptohyphes. 
From all other known species of Leptohyphes 
(including several in my collection which have 
not vet been described), mithras differs in the 
following points: (1) General shape and appear- 
ance of hind wing, and in particular its presence 
in adults of both (2) The lack of mem- 
branous processes from the mesonotal scutellum; 
and (3) The structure of the forceps of the male 
genitalia. 
In the 


very well: 


as long 


SEXES 5 


Museum of Comparative Zoology at 
Cambridge, Massachusetts, there 1s a 
small mayflies from Honduras, collected by 
Stadelmann, -and placed (presumably by Dr. 
Banks) under the heading Caenis. These speci- 
mens are probably all female subimagos. Exami- 
nation of them showed the presence of a hind wing 
rather similar to that of.L. mithras; apparent 
absence of membranous scutellar processes; a 
body color (head, and body) of 
black; the abdominal segments, above 
and below, narrowly: dark on posterior pune ohh 
the pleural fold also blackish. The total number 
about 55 These 


genus 


series of 


general legs, 


grayish 


seemed to be 
specimens are in reality members of the 
Leptohyphes, and may very well- be of the species 
mithras described above. 


of cross veins 


Leptohyphes indicator Needham and Murphy 


Leptophyphes indicator Needham and Murphy, 1924, Bull 


Lloyd Libr. 24, Ent. Ser. 4: 33. 

The original description was based on a‘single 
male specimen, an imago, which I have examined. 
This holotype is in the entomological collection of 
Cornell University. Genitalia, fore wing, 
hind wing, and parts of one leg are mounted 
body of the alcohol, 
and is too faded after long immersion to show any 
color pattern. I offer a few notes on the holotype, 
and present new figures of the unique genitalia 
and the hind wing (figs. 3, 17, and 23). . 

Cross veins in fore wing about 50-1n number 
behind R;. Hind wing shows two longitudinal 
veins clearly, the upper one the longer. Mem- 
branous present, extending bevond 
mesonotal scutellum. Posterior margins of ster- 
nites seem to be narrowly darker. The 
are broken near the base, but the penes are in 
condition. The important unusual 
near the penes, 
bulbous structures, are not 
original drawing of the 


one 
one 


on slides; the specimen ‘is in 


processes 
forceps 
good and 
spear-like base of the 
with the 
even suggested in the 
genitalia. 

This species seems to be represented by many 
hundreds of specimens of both taken in 
Uruguay; unfortunately all are in the subimaginal 


I yrocesses 


associated 


Sexes 
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America 


Vy to shed the 
will be described in 
All were collected 
the Dep: wimen its 
acultac 1 de 
under the’ 


state, though many are “lmost ready 
subimaginal cuticle. These 
detail in a subsequent paper. 
during field trips organized by 
of Zoology and Entomology of the F 
Humanidades y Ciencias of Uruguay, 
auspices of Dr. C. S. Carbonell and his associates 

Leptohyphes mollipes Needham and Murphy 
Lepto s mollipes Needham and Murphy, 1924, Bull 

Lloyd Li 24 , Ent. Ser. 4: 32 

bi scilaiias of the type material in the Cornell 
University entomological enables me 
to add somewhat to the origina 
The holotype is a male subimago, rather 
teneral; the fore wings, one hind wing, and the 
genitalia are mounted a slide. Figure 89. in 
the above-cited sabicenicn was presumably made 
from hind wing. This wing, as now 
on the slide, has the costal angulation bent down- 
ward, but otherwise it is not unlike the figure 
I believe that there are two longitudinal veins in 
the hind wing of this in spite of the state- 
ment made by the authors, ‘There are 
at all in the hind wings.”’ Since the 
quite teneral and the hind wing very 
1s not possible to be absolutely certain of 
but I feel fairly sure that I did see indica 
two such veins, near the only, on both the 
holotype and the paratype hind wings. It 
would indeed be unusual if no such veins were 
present in members of this genus. The allotvpe 
female 1s a rather teneral subimago. Wings and 
genitalia of one of the subimago paratypes are 
likewise mounted All the type 
mens, except such parts as have been mounted, 
are preserved in alcohol in vial. Unfortu- 
nately, all are. stained reddish from dye on the 
red type labels placed inside the vial I saw ne 
specimen in this vial that was other than a 
subimago. The. authors state the and 
subimagos of both sexes were among the type 
material, but at it only the 
be located 

Membranous from. mesonotal 
tellum present in both sexes. Females without 
hind wings. Prothorax appearing unusually wide 
for the width of head, as noted by the authors 
eyes of male appearing rather large. Perhaps 
because of the reddish stain, these specimens 
show more color pattern than is the case with 
L. indicator. Three black curved markings 
present on each side of pronotum; middle line 
of mesonotum paler than adjoining areas; two 
blackish transverse dashes preceding mesonotal 
scutellum. Abdomen appearing distinctly banded. 
with brownish, above and below, intersegmental 
areas paler; anterior margins of tergites verv 
narrowly darker, these markings intensified on. 
lateral parts of the apical segments; rectangular 
dark patches noticeable in lateral areas on some, 
but not all, of the specimens. Tergites- and ° 


rh y phe 


collection 
l descripti mn of the 


species. 


seen 


species, 
no veins 
specimen 3S 
opaque, it 
this; 
tions of 


base 


on shdes spect- 


one 


magos 
subimagos ean 


preset 


pre W'eSSECS seue 
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sternites with little or no indication 


dark spots, as in petersent 
specimer however, 


dashe S 


areas 


ot female much da 
little or no 
pelerse nt type, as seen in 
Genus Tricorythodes Ulmer 
Tricorythodes Ulmer, 1920, £ urgesch., 1910, 
SOA 1! dl: Need] im. a a d wu, LO35, Biol 
Mavthes 630 


Svito psts 
sexes. those 
wing absent in both s ma 
with well-developed cul ial lol 1 wing  Tricorythodes australis (Ban! 


widest in this region; for 1 f female wid ie us australis B 


in region of MA, hence a sligh XU morphisn wf phodes au 


tt) shape ot wing Cc ‘ \ . ur . 1919, SSA 


most of mine the 


ics choclate processes extending backwar vpe material of this species in the Museum of 
: 7 y v » “oambridg Massachu- 


> 


14SS3, 1n 


from me 
subimagos; 


species studied MAN i hort yore SSeS here 


these usually absent in imagos. MPs. and IMP 


usually 114 
attached by 
MP, long 
MA at origin of fork 
In St species, fore 
similar, blunt 


; middle arn 

(and all legs of female) with ela 
sharp-pointed, the other 

T. albilineatus Berner ar 
undeseribed species, 
dissimilar claws as on 


with fore tibia rang 


times tarsus 


aS » a 1 equals 5: ie othe a. species with some 


variation from this formula. Hind t: ot 

male, in most species, *. te. as long temur, 

and 1'4 to 2'o times as long tarsus; joints of 

hind tarsus ranking as 5, 4, 3 equals 2, 1, or with 

sight variation therefrom. Tibia of fore legs re, impossible 
235 times as long as third tibia and 2 to 3!y times tructure of the 
second tibia (except 1 

in discussion of that spectes) Le 1 of male present, nor are there any meml lous processes 
longest, almost as long as body; leg 2 shortest 1 the mesonotal Hum he eves 
In some species at least, fore tibia of female '. l i 

to '%, as long as femur, and I'4 to 135 times as | ical members ot genus Tricorythodes. A 
long as tarsus; tarsal joints ranking 5, 4, 2, 1.:3, feature worthy of note 1s that, in Banks’ sketch 
or a slight variant of this formula. Hind leg ef of the v 
female with tibia 54¢ as long as femur or subequal there is one less t in in the cubito-anal 
to it, and 2 to 2'4 times as long as tarsus; tarsal region than ‘ustomarv for members of this 


S 
joints ranking 5, 4, 2, 1, 3. Hind leg of female genus nat least one of the females the number 


n australis Banks, as noted = tvpe material 


’ 
ul 


of the 


’ +o : 
LLL, adds Lil 


type specimens, 


longest, first leg shortest. f veins in this area seemed normal for Tricory- 
Subanal plate of female well developed, rounded — thedes, but it is possible that this apparent vein 
or slightly obtuse apically. Basal joint of male was but a fold in the wing membrane. Whether 
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the missing vein was CuP or Ist anal could not 
be determined. Both of the usual intercalaries 
seemed to be present, following CuA. 

The species australis is admittedly an aberrant 
member of the genus Tricorythodes. That it 
belongs there, instead of in Leptohyphodes as 
Ulmer suggested, is borne out by these facts: 
(1) Eyes of male relatively small and remote, 
not covering most of head as in Leptohyphodes; 
(2) No membranous processes from mesonotal 
scutellum present in either sex; (3) Cross veins 
essentially as in Banks’ figure, much fewer in 
number than in Ulmer’s figure of the wing of 
Leptohyphodes; (A) the Tricorythodes 
type; (5) No strongly arcuate vein in cubito- 
anal region; (6) Shape and proportions of wing 
as seen in Banks’ figure due to the fact that the 
female, not the male, wing was apparently used 
as the basis for his sketch. To Banks’ description 
I add the following notes. 

Head of male pale reddish brown, with black 
lateral crescents, and with three small dark dots 
between ocelli. Pronotum yellowish, with con- 
siderable black marking laterally. Meso- and 
metanota reddish brown, with some black 
margining. Femur (apparently of leg 2) tinged 
faintly with reddish brown, with a few fine black 
dots near base, forming a partial pt st-basal band; 
black dots at apex of trochanter; femur a little 
longer than tibia. Sc of wing. margined with 
gray in basal half. Abdomen pale vellowish 
white: basal tergites rather heavily shaded with 
blackish, middle tergites shaded thus in lateral 
portions only, apical ones almost without dark 
Two large brown ‘““‘blobs”’ 
Genitalia yellowish, deeper 
Tails gravish at 


Penes_ of 


shading. (testes ’) on 
or within sternite 9. 
in color than preceding parts. 
base, broken beyond this. 

Head of female distinctly reddish. Mesonotal 
scutellum black-tipped. Meso- and metanota 
red-tinged on a reddish brown background, 
mesonotum with grayish black shading on middle 
portion preceding the dark scutellum, and with 
black areas also laterally and across anterior 
margin. Humeral cross vein of wing black; a 
sooty patch at base of anal lobe. One female 
with considerable dark shading on middle of 
femur and a narrow blackish pre-apical band; this 
specimen also with more extensive black shading 
on tergites. Femur of leg 1 equal to tibia, which 
is about twice as long as tarsus. Third leg very 
long, femur almost reaching tip of body and 
slightly longer than tibia, which is about 1) 
times as long as tarsus. Second leg also quite 
long. Legs yellowish, without femoral bands 
except in the one female mentioned 
Basal tergites gray-shaded, tergites 8 and 9 each 
with a somewhat oval, gray, submedian patch. 
Subanal plate can not be seen. Tails of all 
specimens broken at or near base. 

Habitat: Rio Madeira, Brazil. 

A series of specimens of both sexes from British 
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Guiana, collected by the Cornell Entomological . 
Expeditions of 1924 and 1927, are similar enough 
to Banks’ type material to indicate that thev 
may well belong to this species. Figures are 
presented of the head, wings, legs and genitalia 
of some of these specimens (figs. 13, 16, 1S, 1% 
20, and 22). Most of these specimens have been 
in alcohol for many vears, and discrepancies in 
coloration noted between them and Banks’ types 
may be due to this long immersion. The prin- 
cipal differences are noted below. ray 

The British Guiana specimens are somewhat 
smaller than the types of australis, having a wing 
expanse of less than 8mm. Males, body length 
2 to 2l4 mm., wing length 2!y to 3 mm.,; f¢ 
body length 2 to 3.mm., wing length 2 to 3 mm 
All have conspicuous black pre-apical spots on 
all femora, usually not forming a complete band. 
Females largely reddish brown, while Banks’ 
types are yellowish with tinge ef reddish All 
legs of male noticeably slende ry. legs > and 3 
unusually long, third femur extending back as 
far as seventh segment ot extended abdomen; the 
fore leg, however, seemingly relatively shorter 
than in many species of Tricorythodes. Legs 
pale vellowish, all femora very faintly tinge dwith 
pale reddish brown; apical margin of trochanter 
narrowly dark; outer temora with 
narrow, black, longitudinal peneitlings and, m 
some specimens, minute black Humeral 
cross vein oceasionally dark; C and Se before this 
vein dark-margined, as are remainder ot Se and R 
Principal longitudinal veins appearing purplish 
black. A faint sooty spt tf on Inner anal margin 
Abdomen yellowish white, and) apical 
segments tinged with reddish brown, each middle 
tergite with rather wide, deep band 
covering -posterior half, slightly. narrower near 
mid-dorsal line; basal tergites with narrower and 
paler posterior bands; apical tergites without dark 
bands or with a few interrupted dark dashes along 
posterior margins. Straight black dashes long 
pleural fold, darkest on middle segments, longest 
en apicals. Mid-dorsal hne usually very narr wiv 
blackish. Sternites largely vellow, with very 
faint reddish brown tinge, basal ones sometimes 
faintly tinged with smoky; 
appearing erange in color on 
Tails white, faintly graved near base, silvery 
beyond; a few of the basal jonings mav be 
narrowly darker; laterals fully 2!4 times as long 
as body, middle tail 3 times the body length 
Genitalia very pale reddish brown. Forceps base 
not deeply excavated (fig. 20). Unique features: 


males, 


: 
| 
| 


surface of 


dots 


basal 


q 
SMOKY 


ganglonic 


spe ‘cimens 


areas 


some 


-not much swelling at base of second forceps joint, 


and an unusual number and arrangement of 
minute hair-like or spinous processes on apical 
third of penes, the tips of which are usually bent 
Subanal plate of female well devel yped, 


upwards. 
Fore leg of male with 


slightly obtuse apically. 
claws similar, blunt. 
This aberrant species, which seems best placed 
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“tn Tricorythodes, differs from ether known mem- 
bers of that genus in these respects: (1) Less 
prominent cubito-anal lobe of fore wing of male, 

and absence in both sexes of one vein customarily 

(figs. 18, 19); (2 


(3) Absence 


portion er) 


present in anal area 
legs in 


both Sexes; 
basal 


of male forceps: (4) Penes 


slender 


spicuous swollen second 3 

stouter, spinous area 
nore conspicuous. In ne other species of this 
genus that I have studied are the 
slender, the femur and tibia of the fore leg so 


nearly equal in length, and the tibia of the hind 


femora so 


he yy so nearly equal to that of the fore leg (fi 
A-C). Femur and tibia are 
both the fore and the hind legs of the 


almost 


tarsal yornts in the fore leg seem to 
5, 4,3, 1:in the hind le 

is difficult to determine th 

Ye g, but I believe it to be re 

in other species studied, an 
relatively longer 
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TWO NEW SPECIES OF BRYOBIA WITH A REVISED KEY TO THE GENUS 
- (ACARINA: TETRANYCHIDAE}: 


A. E. PRITCHARD AND H. H. KEIFER 


U: tversstv of Califor: tat, Be rhelev o a7 ad California Sta 


ABSTRAC 


, 


i 

Bryobia spica and B. eharait (=B. ertstata, Pritchard 
and Baker, 1954, not Dugés) are deseribed, the former 
from Cyusus in California, the latter intercepted on 
Chrysanthemum Japan and Pakistan. The kev 


trom 
tacludes IM meorphelogieally distinet speetes plus the 


but local 

complex; however, 1 

work from a worldwide viewpoint 
distinctions within the complex t 


< . . ? . . . 
presented are not alwavs easy te appreciate, and 


In this article we are concerned primarily with important 
the species of Bryobia that are known to be quite 
distinet: morphologically. No attempt is made 
te alucidate the ** praetiosa”’ complex. Acarol- 
southern Russia, the Netherlands, 
and Canada have recently made 


t 
1) 
i 


ogists in 
Switzerland, ‘al studies are needed 
In addition to the names indicated by Pritchard 


and Baker (1954: 26-30) as being 


more biologi 


Ag cepted tor publiostion Mareh 4, 1048 appli able to 
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complex, the following names 


the ‘*praetiosa”’ 
rubrioculus (Scheuten), 


also should be included: 
which was listed by Pritchard and Baker only 
under the generic synonymy; amygdali Reck, 
1947; osterloffi Reck, 1947; parietariae Reck, 1947; 
redikorzevi Reck, 1947; ulmophila Reck, 1947; 
vasiljevt Reck, 1953; kissophila Eyndhoven, 1955; 
recki Wainstein, 1956; pseudopraetiosa Wainstein, 
1956; sachvatkini Wainstein, 1956; lonicerae Reck, 
1956; berlesei Eyndhoven, 1957; tilive Bagdasarian, 
1957; and arborea Morgan and Anderson, 1957. 

Eyndhoven (1957) showed that Pritchard and 
Baker erred in their identification of Bryobia 
cristata Dugés, but he did not present characters 
for identification of females as distinguished from 
B. “praetiosa’. The Japanese specimens that 
Pritchard and Baker illustrated as B. cristata have 
been compared with similar specimens 
Alaska, and they are here described as represent- 
ing a new species. The Alaskan material is B. 
borealis Oudemans. 

The revised key to the genus replaces that of 
Pritchard and Baker (1955), but the 
described from southern Russia are included only 
on a basis of descriptions. 


S] yeCICS 


KEY TO SPECIES (FEMALES) 
Empodia II to IV each consisting of a .. of 
tenent hairs..... 2 
Empodia II to IV e ach fingerlih ike with two rows 
of ventrally directed hairs’ SA 
Stylophore cleft mediodistally; body with dorsal 
setae spatulate ; curiosa Summers, 1953 
Stylophore convex distally; body with dorsal setae 
lanceolate bakeri (McGregor), 1950 
Empodium I bearing parallel rows of tenent hairs, 
at least four pairs being present — oo 
Empodium forming one or two pairs of tenent 
eT Ree ee eee En ee peat ete eee 
First pair of dorsal propodosomal ari ing 
from a lobed projection Pore ars Ae 
First pair of dorsal propodosomal setae ari ing 
from very slight tubercles 
sarothamni Geijskes, 1939 
Second pair of dorsal propodosomal setae at least 
four times as long as anteromedian pair ot) ae 
Second pair of dorsal propodosomal setae not more 
than twice as long as anteromedian pair ; 
Dorsocentral hysterosomals similar in length to 
caudal dorsolateral hysterosomals. . 
longisetis Reck, 1947 
Dorsocentral hysterosomals much shorter than 
caudal dorsolateral hysterosomals spica, n. sp. 
Propodosoma with base of anteromedian lobes 
twice as broad as their length 
apsheronica C halilova 1, 1953 
Propodosoma with anteromedian lobes 
similar to or narrower than length De aahs ae 
Propodosoma with lobes bearing second pair of 
dorsal setae extending. anteriorly as far as antero 
median lobes goriensis Reck, 1947 
Propodosoma with lobes bearing second pair of 
dorsal setae much shorter than anteromedian 
lobes. . 5 bale, Sip tere hae is See eee 
Palpal “claw” entire nce eit kk he cee 
Palpal ‘‘claw” cleft dist: lly borealis ( yudemans, 1930 
Propodosoma with second pair of dorsal setae 
* much larger than first pair... . 
rustavensis Reck, 1953; kakuliana Reck, 1956 
Propodosoma_ with second pair of dorsal setae 
similar to first pair urticae Sayed, 1946 


setae 


‘ 


base of 
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13.° Empodium i consisting of two pairs of tenent 
hairs ve as . erene i2 
Empodium ! a single pair of tenent hairs ; 
‘**praetiosa” complex 

Second pair of dorsal propodosomals extending 

beyond mediocephalic propodosomal lobes 

artemisiae Bagdasartan, 1951 

Second pair of dorsal propodosomals not extend 
ing to end of mediocephalic lobes 13 
Leg I longer than body lagodechiana Reck, 1953 
Legs I and body similar in length eharai, n Pp. 


Bryobia spica, new species 
(Fig. 1) 


Adults of Bryobia spica may be differentiated 
from other species of the genus that have em- 
podium I fingerlike by the very short anterior 
propodosomals as compared with the second pair 
and the ‘short mediodorsal hysterosomals as com- 
pared with long caudal hysterosomals 

Female.—Palpus with “claw” simple. Stylo- 
nhore with very slight anteromedian edentation 
Peritreme with enlarged distal end twice as broad 
Legs I shorter than body; coxa I with 
long and setiform, the outer 
short, setiform; tibia I with ten moderately 
serrate tactile and one long and one short 
sensory setae distally; empodia I-IV long, finger- 
like and bearing two ventrally directed rows of 
tenent hairs. Propodosoma without anterolateral 
angulations, the dorsal integument granulate, 
wrinkled; anterior pair of dorsal propodosomals 
short, serrate, each borne on a short projection 
the united bases of which 1s broader than long; 
second pair of dorsal propodosomals over six 
times as long as first pair, with most serrations 
external, each borne on a short tubercle inde- 
pendent of median lobe; third and fourth pairs 
of propodosomals arising from tubercles, similar 
to second pair but with more interior serrations 
Hysterosoma with dorsal integument similar to 
that of propodosoma; dorsal setae borne on 
tubercles; pair of dorsocentral hystere- 
somals (there variation’ in their com- 
parative lengths) shorter .than third © pair, 
lanceolate and serrate, the first pair considerably 
more widely spaced and somewhat longer than 
pair; humeral and first dorsolateral 
similar to anterior dorsocentrals, 
the third and fourth dorsolaterals longer than 
the third dorsolaterals, and the caudal dorse- 
laterals still longer, and all slender. Length of 
body including gnathosoma 513 uw; greatest width 
of body 313 a. 

Male.—Similar to female, but 
hysterosomals, humeral, and first 
dorsolateral hysterosomals proportionally longer 
and legs I longer. Aedeagus aciculate. 


as long 


inner seta seta 


setae 
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EXPLANATION OF PLATE . 

Bryobia spica: <A.) lateral aspect of male, B.) genite 
anal region of male and aedeagus, C.) claws and empodium 
I of female, D.) tarsus I of female, E.) dorsal aspect of 
female with setal enlargements, F.) dorsal aspect of 
male, G.) genital and anal region of female. . 
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Nymph.—Similar to female. 

Holotype.—Female, Aptos, California, 
ber 11, 1957, on Cytisus scoparius; type no. 
in the U. S. National Museum: 

Paratypes.—Twenty-one females, 21 males, 20 
nymphs, San Jose, California, March 26, 1947 
(Scribner), on Cytisus; 26 males, 1 
nymph, Santa Cruz, California, April 18, 1957, 
on Cytisus; 8 females, | male, El Cerrito, Cali- 
fornia, May 28, 1957, on Cytisus; 14 females, 4 
males, 6 nymphs, San Francisc6, California, 
June 11, 1957, on Cytisus; 4 females, 1 male, 
Dows Prairie, California, July 9, 1957, on Cylisus; 
2 females, 6 males, 3 nymphs, Aptos, California, 
November 11, 1957, on Cytisus; 2 females, 1 
male, 1 nymph, San-Carlos, California, October 
17, 1957 (D. Bingham), on Cytisus. 


Novem- 


2459 


females, 7 


new species 


Bryobia eharai, 
The female of Bryobia eharai may be recognized 
by the cleft palpal ‘“‘claw’’ and the long, strongly 
spatulate dorsal setae of the body. This species 
was illustrated by Pritchard and Baker (1955) as 
B. cristata. 
Female. Palpus with *‘efaw 
slightly edentate mediodistally. Peritreme with 
nlarged distal end slender. Legs I about as 
ie as body; coxa I with inner seta long and 
setiform, the outer seta slender and serrate; tibia 
I with 10 slightly serrate tactile setae and a long 
empodium I consisting 
a pair arising from 


* cleft. St \ Ik | yhore 


and a short sensory setae; 
of two pairs of tenent hairs, « 
six roots; empodia II to IV each padlike with two 
ventral rows of tenent hairs. Pr ypodosoma with 
dorsal integument granulate and wrinkled; antero- 
lateral angulations present; first pair of dorsal 
propodosomals borne on a long, moderately 
edentate lobe, broadly lanceolate, serrate; 
pair .of dorsal propodosomals each borne on a 
strong projection but the projection not extending 
as far anteriorly. as the median lobe, spatulate, 
serrate, about twice length of first pair; third and 
fourth pairs of dorsal propodosomals arising from 
tubercles. . Hysterosoma with dorsal integument 
similar to that of propodosoma; dorsocentral 
hysterosomals arising from tubercles, large and 
broadly spatulate, the second and third pairs as 
long as the distance between pairs, the first pair 
similar but spaced slightly wider apart; humeral 
and dorsolateral hysterosomals similar to dorso- 
centrals, arising from tubercles. Length of bi ly 
including gnathosoma 647 yw; greatest width of 
body 430 u. 

Male.—Similar to female but anterior legs much 
longer than body. 

Nymph.—Similar to female but anterior pair 
of dorsal propodosomals proportionately smaller. 

Holotype.—Female, Japan (at Seattle, Wash- 
ington) October 27, 1950 (Leckie), on Chrysan- 
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themum sp.; no. 2458 in the U.S. National 
Museum. 

Paratypes.—-Two males, 12 females, 3 nymphs, 
Japan (at Seattle, Washi gton), October 27, 1950 
(Leckie), on et ! female, Japan 
(at Seattle, Washington), October 1, 1957 (Pike 
and Smith), on chrysanthemum ; 2 females, 1 
nymph, Japan (at Seattle, Washington), October 
9, 1957 (D. M. Pike), on eut 
flowers; 4 males, 5 females, 3 nymphs, Lyallapur, 
Pakistan, 1954. (M. Abdul) Ghan1), on 
chrysanthemum 

This species is named 
Hokkaido University, 


type 


miscellaneous 


Skoza 


honor of Dr 
Japan. 
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